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Heterotrimeric G proteins are molecular switches that control signal transduction. Ligand-occupied G-protein coupled receptors serve are the canonical guanine nucleotide exchange factors (GEFs) that activate heterotrimeric G proteins. A few unrelated non-receptor GEFs have also been described, but little or nothing is known about their structure, mechanism of action or cellular functions in mammals. We have discovered that GIV/Girdin serves as a non-receptor GEF for Gαi through an evolutionarily conserved motif that forms a unique interface with the Gα-subunit. Using insights from the 3-dimensional structure of this interface, we demonstrate that this GEF motif enhances Akt signaling via the Gβγ-PI3K pathway and that mutation  nal disruption of the Gαi-GIV interface inhibits Akt enhancement and cell migration in cancer cells. Previously GIV was demontrstead as necessary for cancer invasion and here we found that GIV is a metastasis-related protein in carcinomas in that its expression differentiates highly metastatic from poorly metastatic cells/tumors. Using human breast (MCF7, MDA-MB-231, Hs578T) and colorectal cancer (HT29p, DLD1, HCT116 and Ls174T) cells we demonstrate that levels of GIV expression and Akt signaling via Gi-GIV is dysregulated during oncogenesis by alternative splicing of GIV’s C-terminus; the domain which features the critical GEF motif. In highly metastatic cancer cells full-length GIV (GIV-fl) was upregulated ~5-30 fold vs normal controls to impart promigratory properties. In poorly metastatic cells GIV-fl was downregulated (~5-12 fold vs normal) and replaced by an alternatively spliced C-terminal truncated variant (GIV∆CT).  In the absence of G-binding domains, GIV∆CT failed to assemble a functional switch with Gαi, inhibited Akt signaling and impaired cell migration. Finally, in human colonic adenocarcinomas although GIV∆CT was expressed in early stages, GIV-fl expression was induced later during the course of metastatic progression, indicating progressive increase in motility/invasiveness of tumors. Taken together we conclude that Gαi and GIV's GEF motif together form a novel signal amplification switch and provides the structural and biochemical basis for the pro-metastatic features of GIV.  That GIV is also a bona fide metastasis-related protein makes the functional disruption of the Gαi-GIV interface a promising target for therapy against cancer metastasis.
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The complex microbial community within the human colon and it’s corresponding genome (microbiome) endows us with physiological features that we have not had to evolve on our own. For example, the human genome lacks genes encoding enzymes involved in the depolymerization of complex plant cell wall polysaccharides. Despite this scarcity, nearly 10% of our nutritional intake is derived from these polysaccharides due to the metabolic action of microorganisms within our colon. Metagenomic surveys of the human intestinal microbial flora have revealed that more than 90% of the phylogenetic types belong to just two divisions of bacteria, the Bacteroidetes and the Firmicutes. In this study, we have explored the cellular machinery that one species from the Bacteroidetes, Prevotella ruminicola 23, employs to depolymerize a complex hemicellulosic plant cell wall polysaccharide, xylan. Recently, the draft genome sequence for Prevotella ruminicola 23 has been obtained and a large number of glycosyl hydrolases have been identified. In order to further the understanding of how P. ruminicola 23 degrades hemicellulose, we characterized two genes from a small cluster of genes predicted to be involved in xylan utilization. This cluster includes genes predicted by sequence homology to encode: a) a bi-functional endo-1,4-beta-xylanase/ferulic acid esterase; b) an alpha-fucosidase; c) an exo-1,4-beta-glucosidase; d) a periplasmic nutrient binding domain of an ABC transporter; and e) a response regulator possessing putative phosphor-acceptor and helix-turn-helix DNA binding domains. We hypothesized that since these genes are closely juxtaposed on the chromosome, they may function in concert to degrade and utilize hemicellulose. To test this hypothesis, we cloned and expressed the endo-1,4-beta-xylanase/ferulic acid esterase (xylanase-esterase) and the exo-1,4-beta-glucosidase (beta-glucosidase) as recombinant polyhistidine fusion proteins in E. coli and purified the corresponding proteins by nickel-affinity chromatography. Detailed biochemical and mutational analyses of the xylanase-esterase revealed that it possesses two functional activities which map to distinct regions within the polypeptide sequence. When we analyzed the biochemical properties for the putative beta-glucosidase, we found that it was not a beta-glucosidase, but rather a beta-xylosidase which is consistent with the gene cluster’s predicted role in xylan utilization. Finally, we found that the two genes functioned synergistically to enhance the release of monosaccharides from a complex hemicellulosic substrate, xylan. Our results provide significant insight into the mechanisms of xylan utilization by members of the Bacteroidetes which is directly relevant to the utilization of indigestible polysaccharides by microbes within the human gut.
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Background: Neonatal diabetes (NDM) has a monogenic cause in most cases diagnosed under 6 months of age, and in a smaller percentage of those diagnosed later in infancy. Many such patients carry heterozygous mutations in the two subunits of the KATP channel, most of whom will respond to treatment with oral sulfonylureas in lieu of insulin. Although such a diagnosis can thus lead to a dramatic improvement in diabetes control and quality of life, long-term outcome studies are lacking and many such cases remain unidentified and continue to be treated as type 1 diabetes. 
Objective: We established a website to publicize our study and facilitate identification and recruitment of rare NDM patients that reside in disparate geographical locations. 
Design/Methods: The web-based study is accessed directly by patients or their parents at NeonatalDiabetesRegistry.org, where all consent documents can be downloaded. Prospective participants can enter encrypted contact information if they meet the only inclusion criterion of diagnosis of diabetes prior to 1 year of age. Registry staff subsequently proceed with informed consent of subjects who sign and mail downloaded consent forms. Subjects then receive an email with a link to the web-based survey regarding initial presentation of diabetes, past medical and family history, genetic diagnosis and current treatment. Physicians also receive a similar survey and medical records are obtained when necessary to enhance the accuracy of the data collected. If patients have no access to the internet, all aspects can be completed by telephone. 
Results: 51 subjects have been consented in the ongoing study, including 22 who emerged through internet searching or email inquiry (often via clinicians seeking clinical guidance). They were also offered enrollment into our related DNA sequencing study that now includes 46 cases diagnosed under 6 months and 103 under a year. Of the 26 who have completed the Registry survey to date, 18 had DKA at diagnosis, 3 had transient NDM, 11 were controlled on sulfonylureas alone, and 14 reported some form of developmental delay or neurological problem, including 6 with learning disorders and 3 with seizures. Diabetes related quality of life seems to relate to current treatment. 
Conclusions: Using a web-based registry is an effective means of identifying and longitudinally surveying geographically disparate rare NDM patients who can be included in ongoing investigation of novel genetic etiologies as well as future detailed phenotyping studies.
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Estrogen has been shown to increase the sensitivity of mice to toxicant-induced liver injury. Halothane is an inhaled anesthetic that induces a rare fulminent liver injury in 1 in 30,000 human patients, and female gender is a predisposing risk factor.  We tested the hypothesis that ovarian hormones enhance the sensitivity to severe halothane hepatotoxicity in female Balb/c mice.  Halothane (45mmol/kg, ip) caused severe liver injury at 24 hrs in female mice as indicated by serum alanine aminotransferase (ALT) activity exceeding 10,000 U/L. Less injury (ALT ~ 2000 U/L) developed in male mice given the same dose. The severity of halothane-induced liver injury in female mice correlated with the phase of the estrous cycle in which the mice were administered halothane.  When treated with 5mmol/kg (ip), females in estrous phase developed more severe hepatic injury at 12 hrs than mice in either diestrous or proestrous phase.  To study the influence of ovarian hormones on this response, mature female mice were ovariectomized (OVX) or sham-operated (SHAM) and treated with 15mmol/kg halothane (ip), and hepatotoxicity was assessed at 12 hrs.  The SHAM mice had serum ALT activity > 10,000 U/L with pronounced centrilobular necrosis on histological analysis.  The OVX mice had significantly less liver injury (ALT ~ 500 U/L) and mild liver lesions.  Serum tumor necrosis factor alpha (TNFα) concentration in SHAM mice was approximately 500 pg/ml, whereas it was undetectable in OVX mice. These results suggest that ovarian hormones sensitize the liver to halothane hepatotoxicity, perhaps by enhancing production of proinflammatory cytokines. (Supported by NIH grant GM075865.)
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PURPOSE: Systemic lupus erythematosus (SLE) patients frequently develop painful joint inflammation but rarely manifest erosive changes like those common in rheumatoid arthritis (RA). SLE patients have an interferon-alpha (IFN-a) signature, which inhibits the differentiation of peripheral blood mononuclear cells into osteoclasts (OC). Previously we showed that RANKL induces 2 populations of OC precursors (OCP) based on the surface expression of DC-STAMP. DC-STAMPlo cells are potent OCP and produce pseudopods, which attach to mononuclear DC-STAMPhi cells that cannot form OC on their own. We hypothesize that IFN-a prevents erosive arthritis by biasing myelopoiesis away from DC-STAMPlo OCP and downregulating the expression of fusion-related markers.
METHODS: RAW 264.7 OCP cell line and purified human monocytes were cultured in media alone, RANKL and/or IFN-a for 4 days. Osteoclast marker/fusion-related gene levels were measured by real time quantitative PCR, and surface protein expression was assessed by FACS.
RESULTS: Untreated RAW cells and purified monocytes are homogeneously surface DC-STAMP+. In both cell types, RANKL treatment led to further differentiation into DC-STAMPlo and DC-STAMPhi OCP. In contrast, IFN-a-treated cells showed no change in DC-STAMP surface expression compared to the untreated cells. When RAW cells were treated with RANKL for 48 hrs followed by IFN-a, both the DC-STAMPlo and DC-STAMPhi populations were again observed. However, pretreatment with IFN-a for 48 hrs before RANKL resulted in neither the formation of the 2 DC-STAMP populations nor OC. Gene expression analysis showed that RANKL induces a transient rise in dc-stamp mRNA expression in both RAW (77 fold) and human purified monocytes (4.3 fold), but IFN-a treatment does not significantly change dc-stamp expression from untreated levels in either cell type. IFN-a treatment also led to decreased expression of sirpa, cd47, cd44-icd, and cd9, all known to be involved in OC fusion in RAW cells. In contrast, there was relatively no change in oc-stamp, rank, trem2, or trap after IFN-a treatment of RAW cells compared to baseline. Similarly, differences in fusion-related gene expression were seen in human purified monocytes as evidenced, for example, by the significant 50% reduction in cd44 expression with IFN-a treatment.
CONCLUSIONS: We proposed that the RANKL-induced DC-STAMPlo monocyte is the “master fusogenic” OCP that physically recruits DC-STAMPhi OCP to form multinucleated OC. Thus, an explanation for the lack of erosive disease in SLE-associated arthritis may be the IFN-a-mediated prevention of DC-STAMPlo master fusogenic OCP development and reduced gene expression of known OC fusion-related molecules.
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Optimizing in situ forming drug delivery implants to deliver low molecular weight drugs
 In situ forming drug delivery implants (ISFI) have shown promise in delivering adjuvant chemotherapy following minimally invasive cancer therapies such as thermal ablation of tumors.  These ISFI systems initially exist as a polymer solution with drug either dissolved or suspended in the solution. When this polymer solution is injected into an aqueous environment it undergoes a process of phase inversion whereby the solution solidifies into an implant that releases drug in a time dependent manner.    Because of the injectable nature of these implants, they can be placed in multiple strategic locations throughout a tumor volume to overcome limitations in drug penetration.  However, while ISFI drug delivery systems have been thoroughly investigated and employed in clinical use for delivery of large molecular weight (MW) protein therapies, little research has been conducted to optimize their design for delivery of low MW drugs, such as most chemotherapeutic agents.  The polymer solution was comprised of poly(D,L-lactide-co-glycolide) (PLGA), small MW mock drug molecule, sodium fluorescein (376 Da), and excipient surfactant, pluronic P85 (P85) dissolved in a polar organic solvent, 1-methyl-2-pyrrolidinone (NMP). To aid in the design of an optimal ISFI system, the effect of varying the formulation components of our polymer solution on the drug release profile was examined. Specifically, the effects of varying the MW of the PLGA polymer particles, varying the concentration of excipient, and varying the drug loading dosage were studied.  Additionally, solubility studies were conducted to determine the critical water concentration required for phase inversion, and structural morphology of formed implants was analyzed using scanning electron microscopy (SEM). 
Results from drug release studies demonstrated that the PLGA MW was the most significant factor in modulating drug release from the ISFI systems.  ISFI polymer formulations comprised of a lower MW PLGA had a significantly lower (p<0.05) percent mass of drug release at 1 hour and 1 day time points, which corresponds to the period of burst drug release.  Critical water concentration studies also demonstrated that formulations with lower MW PLGA had increased solubility in water; therefore these formulations may require more time to phase invert and release the drug.  Currently, this experimental release study data is being fitted to a computational model that we have developed, so that we can understand how using different formulations effects model parameters.  The experimental studies when combined with a computational model can help us design an optimal implant formulation with adequate burst drug release to quickly reach therapeutic drug levels followed by a period of steady maintenance drug dose release over a period of days.
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Invariant Natural Killer T (iNKT) cells are innate-like lymphocytes that recognize glycolipid antigens in the context of the MHC class I–like antigen-presenting molecule CD1d. In response to invading bacteria, iNKT cells secrete a copious amount of various cytokines activating both the innate and adaptive immune system. Interestingly, we have found that certain bacteria have a profound long-term impact on iNKT cell phenotype and functions. A careful analysis of this pathogen-host interaction between bacteria and invariant NKT (iNKT) cells showed that primary stimulation of iNKT cells by multiple bacteria, or bacterial products such as LPS and flagellin, render iNKT cells unresponsive during the subsequent activation with α-GalCer. Induction of iNKT cell hyporesponsiveness by bacteria or bacterial product required IL-12 expression. Also, iNKT cell hyporesponsiveness was associated with changes in the surface phenotype of these cells, reduced severity of concanavalin A–induced hepatitis in which iNKT cells have been shown to exhibit pathogenic roles. iNKT cell hyporesponsiveness also resulted in the alterations in the therapeutic activities of α-GalCer. Based on these results, we conclude that certain bacterial infection or vaccines may negatively impact iNKT cell functions which are currently being exploited for their anti-tumor activity, adjuvant activity, as well as their immunomodulatory functions in various autoimmune diseases. These findings may have important implications for the development of iNKT cell–based therapies.

Poster Presentation 
ASCI/AAP Joint Meeting 2009
OX40 Is Implicated in Th17 Cell Activation
 39
PRESENTER:
Zili Zhang MD PhD
Wenwei Zhong, MD, MS, Oregon Health & Science University, Portland, OR, USA*
David Hinrichs, PhD, Portland VA Medical Center, Portland, OR, USA*
James Rosenbaum, MD, Oregon Health & Science University, Portland, OR, USA*
Th17 cells are a unique subset of CD4+ T lymphocytes characterized by their production of interleukin (IL)-17 and IL-21.  IL-21 in turn up-regulates the proliferation of Th17 cells.  In addition, IL-23 promotes memory Th17 cells that characteristically express IL-23 receptor (IL-23R).  Th17 cells play an eliciting role in many inflammatory diseases.  Although the environment that contributes to the development of Th17 has not been fully defined, one contributing event is the array of co-stimulatory molecules that are engaged at the time of antigen sensitization.  OX40, a co-stimulatory molecule expressed on the surface of CD4+ T cells during their activation process, is known to promote the proliferation and function of T cells.  However, it is unclear whether OX40 ligation is required for Th17 cell activation.  Here, we show that ovalbumin (OVA) induces the expression of both OX40 and IL-17 in the splenocytes from DO11.10 mice whose transgenic T cells recognize OVA.  Furthermore, flow cytometry and ELISPOT analysis reveal that OX40+ cells produce more IL-17 than OX40- cells.  In addition, OX40 activating antibody synergistically augments OVA-induced IL-23R expression and IL-21 production in CD4+ lymphocytes.  Finally, OX40 Fc fusion protein, an OX40 ligation inhibitor, attenuates OVA-elicited IL-17 protein.  These results indicate that OX40 is implicated in the activation and expansion of Th17 cells. This study provides an insight into the mechanism of Th17 cell proliferation.
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Uveitis is an inflammatory ocular disease characterized by the infiltration of T lymphocytes and other leukocytes in the eye. The recruitment of these inflammatory cells from systemic vasculature to ocular tissue is a well-coordinated multistep process including rolling, firm adhesion and transmigration.  CXCL12 (SDF-1) is an endothelial cell-derived cytokine interacting with CXCR4 and CXCR7, two chemokine receptors mainly expressed in T cells, neutrophils and monocytes. Recent studies have shown that CXCR4, CXCR7 and their ligand, CXCL12, are important for the regulation of leukocyte mobilization and trafficking.  However, it is unclear whether these two chemokine receptors are implicated in the pathogenesis of uveitis.  In this study, we used DO11.10 mice, whose CD4+ T cells are genetically engineered to react with ovalbumin (OVA),  to investigate the role of CXCR4 and CXCR7 in an animal model of uveitis. Intravital microscopy revealed that intravitreal OVA challenge of DO11.10 mice caused the infiltration of both T cells and neutrophils.  The invasion of these inflammatory cells coincided with the detection of mRNA for CXCR4 and CXCR7 in the eye. In addition, both real time-PCR and immunohistochemistry revealed an enhanced expression of endothelial CXCL12. Furthermore, intraperitoneal injection of AMD3100 (a specific CXCR4 antagonist) significantly attenuated OVA-induced uveitis and CXCL12-induced in vitro transwell migration.  In contrast, intraperitoneal administration of CXCR7 neutralizing antibody did not alter ocular infiltration of inflammatory cells caused by OVA challenge. Our data suggest that CXCR4 but not CXCR7 plays a critical role in antigen-induced ocular inflammation by facilitating leukocyte infiltration. This study not only enhances our knowledge of the immunopathological mechanism of uveitis but also provides a novel rationale to target CXCR4 as an anti-inflammatory strategy.
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Introduction:  Prediction of the difficult airway is a prime responsibility of anesthesiologists, because loss of airway access leads to hypoxemia and brain damage in less than 3 minutes.  The American Society of Anesthesiologists (ASA) has developed guidelines to help identify patients with a potentially difficult airway, but a standardized assessment tool has not been developed.  We have developed a new preoperative airway assessment form to focus the provider toward factors contributing to airway difficulty.  This study is designed to compare the use of that form to the one commonly used and to determine if its use improves patient safety and resident education.
Methods:  We randomized resident anesthesiologists to use either the new model (new form) or the standard (old form). Additionally, all patients underwent an evaluation using the new form by a skilled provider dedicated to airway assessment. We excluded patients less than 18 years of age and those with established airway access. Physical exam assessed body mass index, neck circumference, inter-incisor, thyromental and sternomental distances, and standard Mallampati class. Additionally, cervical and jaw mobility and history relating to the airway were assessed. Data on the results of all airway interventions and the presence of any difficulties was collected.
Results:  We have screened 1832 (969 males/863 females) patients with the new form with a mean age of 47.72 ± 16.7 years and mean BMI of 29.33 ± 8.1 kg/m2.  38 (2.1%) reported a history of difficult airway.  Postoperative data was collected on 880 patients.  Difficult mask ventilation was encountered in 64 (7.3%), difficult laryngoscopy in 47 (5.3%), and difficult intubation in 57 (6.5%).   Residents who utilized the new form predicted difficulty with a false negative prevalence of 7.2% and a false positive prevalence of 13.1%, compared to those who used the old form 12.8% and 10.7% respectively. The skilled provider had a false negative prevalence of 4.6% and a false positive prevalence of 12.7%. The residents using the new form predicted difficulty with false negative prevalence of 7.9% for mask ventilation, 7.6% for laryngoscopy, and 10% for intubation. This is compared to false negatives for the skilled provider of 3.9%, 2.9%, and 1.5% respectively.
Conclusion:  Our results suggest that a systematic and thorough airway evaluation may increase successful prediction of a difficult airway.  Given the relatively rare nature of a difficult airway, even a small decrease in false negative prediction may be of great benefit to patient safety in terms of increased preparedness. The new form may be a useful tool in resident education because those using it had less false negative predictions.  Further investigation is in progress.
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Germinal Centers (GC) of secondary lymphoid tissues are critical to mounting a high-affinity humoral immune response.  B cells within the GC undergo rapid clonal expansion and selection while diversifying their antibody genes through class switch recombination and somatic hypermutation. Although it is generally believed that GC B cells employ a unique proliferative program to accommodate these processes, very little is known about how the GC-associated cell cycle is orchestrated. The D-type cyclins are important regulators of the G1 phase of the cell cycle and are the ultimate targets of many mitogenic and oncogenic stimuli. The Cyclin D3 gene is rearranged and over-expressed in certain mature B cell malignancies, and its overexpression has been reported to predict poor clinical outcome in patients with diffuse large B cell lymphoma.  It has been observed that during their development, B cells switch from expressing cyclin D2 to cyclin D3 when they are recruited into the GC response. It is unclear, however, whether this switch simply reflects a change in the transcription factors that govern cyclin expression or serves a biological mandate.  
Here we report that mice deficient in cyclin D3 are profoundly impaired in their ability to form GCs as measured by immunohistochemistry and flow cytometry.  Production of antigen-specific antibodies and affinity maturation, as ascertained by ELISA, are concomitantly reduced in these animals. These phenotypes can be at least partially explained by a significant block in the G1-phase of the cell cycle of GC B cells in vivo. Interestingly, this block in the G1-S transition is observed despite an apparent compensatory increase in cyclin D2 expression.  In addition, naive B cells activated in vitro by either LPS or LPS and IL-4 display only minor changes in cell-cycle profile, suggesting that a specific requirement for cyclin D3 is unique to GC B cells.  This is the first demonstration that cyclin D3 plays a unique role during the GC response in that it is required for its optimal structure and function. In addition to expanding appreciation for the cell type- and tissue-specific functions of the three D-type cyclin molecules, our findings have implications for understanding the role of Cyclin D3 in human B cell lymphomas.
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The EGF receptor (ERBB1) and related family member HER2/neu (ERBB2) are often overexpressed in aggressive breast cancers and their overexpression is correlated with poor prognosis.  Clinical studies using ERBB inhibitors have focused on tumor growth effects, but ERBBs can contribute to malignancy independent of their effects on tumor growth.  Our studies were designed to evaluate the effect of ERBB inhibition on tumor cell motility and intravasation in vivo using clinically relevant small molecule inhibitors. Using in vivo mouse models of breast cancer, we test the effects of ERBB1 and ERBB2 inhibitors AC480 and lapatinib, ERBB1 inhibitor gefitinib, and ERBB2 inhibitor AG825 on in vivo tumor cell invasive properties in mammary fat pad tumors. ERBB1 and ERBB2 inhibition rapidly (within 3 hours) inhibits both tumor cell motility and intravasation.  Using gefitinib, ERBB1 inhibition rapidly inhibits tumor cell motility and invasion but not intravasation, while ERBB2 inhibition by AG825 rapidly blocks intravasation. ERBB1 and ERBB2 inhibition can rapidly block tumor cell invasive properties.  In addition, we differentiate for the first time the contributions of ERBB1 and ERBB2 to the key metastatic properties of in vivo tumor cell invasion and intravasation.  These experiments temporally and molecularly separate two key stages in tumor cell entry into blood vessels: invasion and intravasation.  These results indicate that ERBB inhibition should be considered for blocking other tumor cell malignant properties besides growth.
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We live amidst a global obesity pandemic with far-reaching health and economic consequences, underscored by the absence of FDA-approved therapies that produce safe, durable weight loss.  Guanylyl cyclase C (GCC), an intestine-specific transmembrane receptor, is one of a family of homologous signaling proteins synthesizing cyclic GMP as their proximal effector.  GCC is the receptor for the endogenous paracrine hormones guanylin and uroguanylin which regulate epithelial cell dynamics contributing to the spatiotemporal organization of the crypt-villus axis.  Unexpectedly, GCC has emerged as an important intermediary in signaling programs controlling appetite and body weight.  C57/BL6 mice in which GCC signaling was eliminated exhibited excess body weight (115.7±2.3% of wild type, p<0.001), which was amplified by a high-fat/high-calorie diet (143.6±6.2% of wild type, p<0.001).  The excess body weight was associated with adipocyte hypertrophy, an increase in subcutaneous and visceral adipose mass, and obesity-related co-morbidities including cardiac hypertrophy, hepatic steatosis, and glucose intolerance.  Interestingly, elimination of GCC signaling produced obesity in the absence of differences in intestinal lipid absorption efficiency, activity levels and caloric expenditure/basal metabolic rate.  However, GCC-deficient mice were hyperphagic when fed standard, high-fat, or high-carbohydrate chow.  Further, the excess weight gain in GCC-deficient mice was eliminated by restricting food intake to levels consumed by wild-type mice.  Moreover, the hyperphagia in GCC-deficient mice was exacerbated by fasting, suggesting a defect in mechanisms contributing to the gut-neural axis which regulates hunger.  Beyond nutrient digestion and absorption, the intestine plays an important role in energy homeostasis by regulating appetite circuits within the hypothalamus, mediated by enteroendocrine cells which secrete anorexigenic hormones following food intake and luminal nutrient stimulation.  In that context, acute nutrient-stimulated satiety responses, mediated by enteroendocrine hormones, were absent in GCC-deficient mice.  This defect in pathways regulating food intake was associated with a ~50% reduction in the enteroendocrine satiety hormones cholecystokinin (CCK) and glucagon-like peptide (GLP-1) in the jejunum and ileum, respectively.  Importantly, this defect in enteroendocrine cell function was rescued by oral replacement of the downstream effector of GCC, cGMP, which returned expression of those hormones to normal levels in GCC-deficient mice.  These observations demonstrate a previously unrecognized role for GCC signaling in regulating appetite and body weight by modulating the function of enteroendocrine cells.  This highlights a novel therapeutic paradigm in which oral hormone supplementation with GCC ligands could enhance enteroendocrine hormone levels and amplify nutrient satiety responses, thereby restricting appetite and defending against obesity.
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Problem: Malignant mesothelioma is an aggressive cancer of the mesothelial lining causally linked to asbestos exposure and is highly resistant to current therapies. We hypothesize a stem/progenitor cell population is recruited to the tumor and contributes to tumor cell growth and progression.
Methods: Using an orthotopic murine tumor spheroid model shown to recapitulate human malignant mesothelioma, we identified a stem cell antigen-1 (Sca-1) positive cell population recruited to tumor spheroids in vivo. The Sca-1+ cell population was characterized by immunofluorescence staining and flow cytometry. Candidate chemokines involved in recruitment of this stem/progenitor cell population were identified with SuperArrayTM, and confirmed with ELISA and transwell migration assays. To test whether this recruited cell population contributes to tumor cell proliferation, malignant mesothelioma cells were grown in conditioned media from in vitro cultures and tumor cell proliferation was assessed. To test whether this cell population contributes to tumor progression in vivo, tumor cell-injected mice were treated with chemotactic inhibitors and tumor burden was assessed as compared to vehicle-injected control mice.
Results: The Sca-1+ cell population co-expresses markers for T lymphocytes, hematopoietic stem cells and mesenchymal stem cells. The tumor microenvironment expresses the chemokine SDF-1/CXCL12 and the cognate receptor CXCR4 that are involved in recruitment of these cell types. Involvement of the CXCR4/SDF1 chemotactic axis was confirmed when transwell migration of mesenchymal stem cells to lavage fluid was abrogated by treatment with small molecule inhibitors of CXCR4. Once recruited, this stem/progenitor cell population secretes factors that increase tumor cell proliferation.
Conclusions: A stem/progenitor cell population is recruited to malignant mesothelioma spheroids, secretes factors that promote tumor cell growth and is a potentially novel therapeutic target.
Grant support: NIEHS grant R01 ES03721 (Kane) and NRSA grant F30 ES013639 (Lau).
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Xanthine oxidoreductase (XOR) is a ubiquitous cytoplasmic protein that catalyzes the final two steps in purine catabolism.  We have previously investigated the catalytic mechanism of the enzyme by rapid-reaction kinetics and x-ray crystallography using the poor substrate 2-hydroxy-6-methylpurine, focusing our attention on the orientation of substrate in the active site and the role of Arg 880 in catalysis.  Here we report additional crystal structures of xanthine oxidase in the course of reaction with lumazine at 2.2 Å resolution, and of a nonfunctional form of the enzyme in complex with xanthine at 2.6 Å resolution.  In both cases the orientation of substrate is such that the pyrimidine subnucleus is oriented opposite to that seen with the slow substrate 2-hydroxy-6-methylpurine, supporting our previous hypothesis on the role of Arg 880.  Such structural work has mechanistic implications as to how the active site works to accelerate reaction rate, and illustrates the utility of macromolecular X-ray crystallography in elucidating details of the structure-function relationship in enzymes.  Such insights may lead to novel means of modifying (e.g. inhibiting) enzyme activity, and this is discussed in the larger context of structural biochemistry in medical research.
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To date, Tissue Engineering, Cancer Modeling, and Regenerative Medicine have lacked non-invasive techniques for monitoring and manipulating 3-D tissue assembly of specific cellular sources.  In an effort to resolve these obstacles, we have developed an intelligent system that automatically monitors and diagnoses cell-cell aggregation and controls 3-D growth of tissue-like constructs (organoids/tumoroids) in real-time.  The in vitro generation of these organoids recalls their ontogenesis in vivo, permitting the notion that rotating wall vessel (RWV) bioreactors might serve as a suitable venue for “in vitro embryology and tumor” experiments.  Our ability to assess, in real-time, the kinetics of aggregation and organoid/tumoroid assembly in RWV bioreactors yields information regarding the biological mechanics of cellular differentiation and tissue formation when combined with specific reagents and growth factors.  Applications have included not only tissue assemblage imaging and growth calculations, but also trajectory analysis of beads and cells for determining optimal growth conditions in bioreactors as well as extracellular matrix involvement.  Recent experiments with highly aggressive, metastatic cancers have allowed us to observe novel characteristics of their ‘grouping’ behaviors.  Importantly, as organoids constructed in bioreactors more closely resemble those of native tissue, constructs grown in this automated environment serve as improved cellular models for drug discovery and testing. Our first generation versatile high-resolution “horizontal microscope” system was composed of an Argon Ion Laser exciting fluorescent objects suspended in a RWV bioreactor at 457/488nm.  A recently optimized second generation system is based upon a diode pumped solid state (DPSS) Green Laser emitting a wavelength at 532nm.  By exciting both calibration beads and stained cells with laser energy and viewing them in real-time via a CCD (charge coupled device) video camera, we can capture the motion of individual particles, observe their trajectories, and analyze their aggregate formation.  Clinically, differentiation of patient biopsied cancer cells for chemotherapeutic susceptibility as well as their ongoing response to anti-cancer therapy can be modeled in our 3-D in vitro environment.  Additionally, cancerous models can be developed to induce the stepwise progression of neoplasia with carcinogenic infusion into the bioreactor in an attempt to mutate specific cancer pathway/network proteins.  Lastly, with the supplement of extracellular matrix scaffolding, our system progresses “in vivo – like” models in an aid to understand the microenvironment's reactive oxygen species and DNA damage, their impact on tumors, and the regeneration profiles of growing tissue constructs.
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Herpes simplex encephalitis (HSE) is the most common viral infection of the central nervous system (CNS).  This condition is caused by invasion of the CNS by herpes simplex virus (HSV) from innervating neurons of HSV-infected epithelial cells.  Current prevention and treatment strategies for HSE are limited due to a poor understanding of the transfer of HSV infection from the epithelia to the CNS.  HSV is a neurotropic, enveloped, double-stranded DNA virus that enters epithelial cells via endocytosis and neurons via direct fusion at the plasma membrane.  The endocytic trafficking steps of HSV during entry into epithelial cells are not known.  Since HSV must successfully enter and establish infection of epithelial cells prior to neuronal infection, insight into HSV trafficking in epithelial cells is critical in understanding HSE pathogenesis.  HSV entry into epithelial cells requires endosomal low pH for productive infection.  Our hypothesis is that HSV enters epithelial cells by hijacking the host cell lysosome-terminal endocytic pathway.  We used a combination of biochemical and cell imaging approaches to characterize the vesicles through which HSV trafficks in HeLa cells.  We sought to identify the requirement for different Rab GTPases, which mediate endosomal fusion, to determine the trafficking steps taken by HSV.  The effect of dominant-defective Rab GTPase constructs on HSV infection of epithelial cells was evaluated using fluorescent activated cell sorting and laser scanning confocal microscopy.  Vesicular stomatitis virus (VSV) was used as a control since its trafficking patterns in HeLa cells have been well documented.  Additionally, virion-containing vesicles were isolated by sucrose gradient fractionation and analyzed by Western blot to characterize the nature of the endosomes used by HSV during entry.  These data will provide much needed insight into the pathogenesis of HSV, which will aid in the development of novel prevention and treatment approaches for this devastating neurological disease.
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Purpose: It is common practice to use fluoroscopy to confirm that a femoral puncture site is at the inferior margin of the femoral head. While this technique may prevent puncture-related complications, it exposes patients and caregivers to a potentially unnecessary dose of radiation. If an ultrasound-based landmark could be found in close proximity to the inferior margin of the femoral head, the fluoroscopic confirmation step could be avoided. It was our hypothesis that the saphenofemoral junction (SFJ) could serve as this landmark. 
Materials & Methods: 52 femoral punctures (43 arterial, 9 venous) were prospectively studied in this IRB approved protocol. US was used to locate the SFJ, which was marked on the skin. Standard palpation landmarks followed by fluoroscopic confirmation were then used to determine the puncture site. The distance between the chosen sites was recorded, along with the time elapsed for each technique. Body mass index (BMI), height and weight were evaluated for possible relationships to differences between chosen sites. Statistical analysis included Spearman correlation, ANOVA, and Student’s t-test. 
Results: The SFJ was located a mean of 4.8 mm caudad (SD = 10.6) to the inferior margin of the femoral head. Mean US, physical examination, and fluoroscopy exposure times were 56.9, 32.7, and 3.6 seconds, respectively; the US technique took significantly longer than palpation/fluoroscopy (p=0.001). The mean absolute distance between selected sites for obese patients was larger than the normal group and the overweight group, but did not reach statistical significance with this sample size. 
Conclusion: US-based determination of the saphenofemoral junction reliably predicts the location inferior margin of the femoral head and can obviate fluoroscopic confirmation in most patients. In obese patients, fluoroscopic confirmation may still be advisable due to greater variation in this population. The US technique is slightly more time consuming.
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Pressure-induced, or myogenic, constriction is a mechanically mediated event. Increased luminal pressure stretches vascular walls and leads to the opening of presumptive mechanosensitive channels, which then initiate the cascade for vascular contraction. Previously, our lab has shown Epithelial Na+ Channel (ENaC) and Acid Sensing Ion Channel 2 (ASIC2) proteins may form these mechanosensitive channels. In the kidney, myogenic constriction is proposed to protect against pressure-induced renal injury. However, this has been difficult to test since animal models lacking myogenic responses were unavailable. We recently demonstrated ASIC2 heterozygous (+/-) mice have no myogenic response in middle cerebral arteries; however renal myogenic response and susceptibility to renal injury in ASIC2 +/- mice remains unknown. The goal of the current study was to investigate the role of ASIC2 in renal interlobar arteries and renal injury. We examined agonist- and pressure-induced constrictor responses in isolated renal interlobar arteries from ASIC2 wildtype (+/+) and +/- mice. Constriction to KCl (20–80 mM) and phenylephrine (10^-7 +- 10^-4 M) was not different.  In contrast, constrictor responses to increases in intraluminal pressure (25–150mmHg) were significantly impaired in ASIC2 +/- mice (31.6 +- 3.7 and 2.4 +- 1.2 % myogenic tone at 150 mm Hg in +/+ and +/- ASIC2 mice, respectively). Passive dilation was identical in both groups. Renal histological analysis demonstrated tubular casts and a 5-fold increase in renal macrophage infiltration compared to controls, both suggestive of renal injury in ASIC2 +/- mice. These results indicate normal ASIC2 expression is required for pressure-induced constriction in the renal interlobar artery and may protect against pressure-induced renal injury. This work is supported by the NIH-NHLBI and NINDS.
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Background: Trait anger and hostility are associated with increased risk of incident cardiovascular disease (CVD) events. The biological mechanism(s) linking these traits with CVD events remains unknown. Oxidative stress plays a major role in atherosclerosis development by inducing endothelial cell injury, thrombosis, and a pro-inflammatory response. Preliminary studies have shown a relation between chronic stress and markers of oxidative stress. The relations between trait anger and hostility with oxidative stress have not been explored. Methods: 33 healthy adults (mean age = 33 +/- 11, 42.4% female) completed the 10 item Spielberger Trait Anger Scale and 50-item Cook-Medley Hostility Scale (Ho), and gave a fasting blood sample. Plasma content of 8-epi-PGF2alpha, a stable product of arachidonic acid formed on nonenzymatic oxidation and a gold standard measure of oxidative stress, was assessed by ELISA. Results: The relations of TAS and Ho with 8-epi-PGF2alpha were estimated by multiple linear regression. Univariate analysis demonstrated a positive and significant relationship (beta= 56, p=0.021) between TAS and 8-epi-PGF2alpha. These results (beta=54 and p=0.031) remained after adjusting for age and sex, possible confounders of the anger-oxidative stress link. In contrast, there was no relation between Ho or the 27-item Barefoot subscale, and plasma 8-epi-PGF2alpha. Conclusions: Our findings provide support for exaggerated oxidative stress as one potential link between trait anger and incident CVD. The absence of a finding for hostility raises the possibility that other pathways link this construct to CVD. Future investigations should confirm our findings and examine whether acute anger provocation increases oxidative stress levels.
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Diverse families of viruses bind immunoglobulin superfamily (IgSF) proteins located in tight junctions (TJs) and adherens junctions of epithelium and endothelium. However, little is known about the roles of these receptors in the pathogenesis of viral disease. Junctional adhesion molecule-A (JAM-A) is an IgSF protein that localizes to TJs and serves as a receptor for mammalian reovirus and feline calicivirus. Reovirus is a highly tractable experimental model for pathogenesis studies of enteric neurotropic viruses. We inoculated wild-type (wt) and isogenic JAM-A-/- mice perorally with reovirus and found that JAM-A is dispensable for viral replication in the intestine but required for systemic dissemination. Reovirus replication in the brain and tropism for discrete neural regions are equivalent in wt and JAM-A-/- mice following intracranial inoculation, suggesting a function for JAM-A in reovirus spread to extra-intestinal sites. Specifically, hematogenous but not neural dissemination was diminished in JAM-A-/- mice in comparison to wt mice. Further, JAM-A promotes reovirus infection of endothelial cells, providing a conduit for the virus into the bloodstream. These findings indicate that a broadly expressed IgSF viral receptor specifically mediates hematogenous dissemination in the host.
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Peripheral neuropathy is the most common side-effect of oxaliplatin chemotherapy treatment. The neuropathy manifests as numbness, tingling, paraesthesias and loss of proprioception that often become severe enough to warrant removal from the treatment regimen.  While the pathophysiology of this chronic neuropathy is still unclear, oxaliplatin is thought to cause axonal degeneration in large sensory fibers resulting from platinum accumulation and, consequently, reduced cellular metabolism in the dorsal root ganglia (Ta et al. 2006, Neurotoxiciology). In separate studies we obtained evidence of abnormal sensory encoding in the absence of axonal pathology.  To test the possibility of a similar occurrence with chronic oxaliplatin treatment, we studied the encoding behavior of proprioceptive sensory neurons.
Adult Wistar rats randomly placed into two groups were given intraperitoneal injections of oxaliplatin (cumulative doses of 33 mg/kg and 42 mg/kg in 5% dextrose).   Six weeks after the final injection, we performed in vivo experiments to study individual Ia afferent firing patterns in response to well characterized muscle stretch paradigms (e.g. ramp-hold-release).  While a number of differences were seen between treated animals and vehicle controls, our most noteworthy finding is that a number of treated Ia afferents exhibit features of rapid adaptation whereby they were unable to sustain firing throughout the hold phase of physiologically relevant ramp-hold-release stretch (20mm/s, 3 mm). These data provide evidence of abnormal muscle spindle encoding in advance of any nerve death and indicate that alterations in proprioceptive information may be, at least in part, accounted for by changes in sensory encoding.
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Aneuploidy is a hallmark of most solid neoplasias and is commonly caused by high rates of chromosome missegregation in dividing tumor cells. This phenomenon is called Chromosomal Instability and is thought to be a major source of karyotypic abnormalities in tumors. Chromosomal Instability is associated with poor tumor prognosis and is thought to complicate chemotherapeutic strategies. The cellular basis of this instability is poorly understood and the reason behind its elevated occurrence is unknown, behooving profound understanding of the mechanisms of chromosome segregation during mitosis.
Segregation requires chromosome-microtubule attachment at specialized organelles called the kinetochores, ultimately leading to sister chromosome separation towards opposite ends of the cell. Kinetochore-microtubule (kMT) attachment errors may however occur, whereby individual chromosomes are attached to microtubules emanating from opposite ends of the cell resulting in considerably greater risk of mis-segregation. Thus the attachment versus detachment rates of microtubules at kinetochores must be balanced to sustain mechanical segregation of chromosomes while allowing for the correction of errors by releasing inappropriate attachments.
Herein we define the permissible boundaries of kinetochore-microtubule dynamics by identifying four kinetochore components with antagonistic effects on microtubule dynamics: Kif2b, MCAK, Kif18a, and Astrin. Using RNA interference coupled with quantitative fluorescence microscopy to measure kinetochore-microtubule dynamics, we estimate that kinetochore-microtubules must turnover with a half-life of < 6 min in order to allow for faithful chromosome segregation. We then show that kinetochore-microtubule dynamics in chromosomally unstable cancer cells fall outside the permissible boundaries. Chromosomally unstable cancer cells have hyperstable kinetochore-microtubule attachments resulting in their reduced ability to correct attachment. The severity of the attachment defect correlates with the propensity of the cells to mis-segregate chromosomes. Intriguingly, overexpression of two proteins that partially destabilize kinetochore-microtubule attachments, Kif2b and MCAK, restores chromosome stability to chromosomally unstable tumor cell lines establishing a causal relationship between regulation of kinetochore-microtubule attachment and chromosomal instability. This is the first account of suppression of chromosomal instability in cancer cells.
We thus conclude that precise regulation of microtubule dynamics at kinetochores is essential for genome stability in human cells. Our data offer unique means to directly examine the role of chromosomal instability in tumorigenesis and experiments are currently underway in xenograft mouse models to test this premise.
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In intestine, activated fibroblasts modulate continuous mucosal renewal by depositing extracellular matrix and secreting soluble factors that regulate epithelial cell proliferation, differentiation, and migration, an imbalance of which contributes to neoplasia. GUCY2C, the intestinal epithelial-specific guanylyl cyclase receptor for the paracrine hormones guanylin and uroguanylin, whose early loss characterizes colorectal transformation, has emerged as a component of homeostatic programs organizing spatiotemporal patterning along the crypt-surface axis. Dysregulation of GUCY2C signaling, reflecting hormone loss, promotes tumorigenesis through hyperproliferation, metabolic remodeling and genetic instability. The role of guanylyl cyclases in defining mesenchymal architecture in other systems suggests that heterotypic epithelial-mesenchymal interactions in intestine may be coordinated by GUCY2C, whose dysregulation induces a tumorigenic niche potentiating an environment that promotes the graded progression of neoplasia. Eliminating GUCY2C signaling in epithelial cells in mice induces interstitial fibrosis, with activation of myofibroblasts producing MMP-9 and α-SMA and deposition of collagen I and tenascin C, all characteristic of tumor stroma. Conversely, GUCY2C signaling in human colon cancer cells induces a secretory phenotype that prevents myofibroblast activation and their expression of pro-collagen I, α-SMA, and prolyl-hydroxylase. Eliminating GUCY2C in enterocytes in mice induces TGF-β1 secretion, known to mediate heterotypic signaling driving myofibroblast activation. In contrast, activating GUCY2C in human colon cancer cells suppresses TGF-β1 secretion and disrupts heterotypic signaling underlying morphologic, molecular, and functional activation of myofibroblasts. Further, blocking TGF-β1 signaling by colon cancer cells employing antibody depletion, siRNA gene silencing, or a TGF-β1 receptor antagonist eliminated the ability of GUCY2C to program epithelial cell secretion opposing myofibroblast activation. Together, these data suggest that GUCY2C coordinates mucosal homeostasis, in part, by directing heterotypic interactions organizing the stromal compartment by restricting epithelial cell secretion of TGF-β1.  Dysregulation of GUCY2C signaling reflecting paracrine hormone loss induces unrestricted secretion of epithelial cell TGF-β1 contributing to maladaptive epithelial-mesenchymal cross-talk and stromal remodeling characterizing tumorigenesis. In the context of the universal loss of paracrine ligands early in tumorigenesis, but the persistent expression of GUCY2C in nearly all primary and metastatic tumors, these observations suggest a novel therapeutic opportunity for targeted prevention and treatment of colorectal cancer employing oral hormone replacement therapy.
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Reprogramming of adult human somatic cells to create induced pluripotent stem (iPS) cells yields colonies morphologically indistinguishable from those of embryonic stem (ES) cells. ES and iPS cells self-renew as well-organized colonies, resembling the pluripotent inner cell mass from which ES cells are originally derived. The mechanisms by which these colonies form and organize may be important in understanding stem cell potency and early embryogenesis. G-protein coupled receptors (GPCRs) have been implicated in ES cell chemotaxis and may mediate the establishment of pluripotent colonies.
Human ES and iPS cells were grown to 50% confluency, allowing discrete colony formation. A scratch was placed across the entire culture and each colony was scored for healing into the scratch area. ES and iPS cells heal completely by 48 hours. Treatment with pertussis toxin (PTX) to specifically block Gi-coupled GPCR signaling dramatically inhibited healing of ES colonies in response to scratch insult by 57% at 12-hours post-scratch (p < 0.05) and 68% by 48-hours (p < 0.005). Results were similar for ES and iPS cell colonies grown on and off feeders. Activation of an alternative GPCR pathway, Gs-coupled signaling, with cholera toxin (CTX) did not affect colony healing response while treatment with both CTX and PTX yielded results identical to PTX treatment alone. Colonies treated with PTX remain viable, but appear densely clumped and three-dimensionally stacked on time-lapse and confocal microscopy. In contrast, untreated colonies are well-dispersed and monolayer. BrdU incorporation studies and Annexin V staining reveal no difference in rates of proliferation and apoptosis, respectively. Microarray analysis identified 51 GPCRs that exhibit relatively high expression in undifferentiated human ES and iPS cells, at least four of which are Gi-coupled. Immunocytochemistry for the pluripotency markers TRA-1-81 and Oct-3/4 were identical between PTX treated and untreated colonies.
Inhibition of Gi-coupled GPCR signaling by PTX abolishes the ability of ES and iPS cell colonies to reform following a scratch wound. Our results suggest a specific type of GPCR signaling, Gi, is actively involved in pluripotent colony formation and organization. Activation of Gs-signaling by CTX to constitutively increase intracellular cAMP levels failed to effect colony wound healing, suggesting that the effect observed with PTX treatment is due to inhibition of Gi-signaling rather than modulation of cAMP. The morphology observed with PTX treatment may be explained by inhibiting Gi-coupled GPCR chemotactic signals directing cell migration. These signals may be essential to the pluripotent state and early embryogenesis. GPCRs are, thus, a promising target for modulating the formation of iPS cells.
This was funded by the Gladstone Institutes and the California Institute for Regenerative Medicine (BRC) with fellowship support from the Sarnoff Cardiovascular Research Foundation (KN).
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Elevated white blood cell count (WBC) at steady state in sickle cell disease (SCD) is a significant risk factor for morbid vaso-occlusive events including acute chest syndrome, stroke, and mortality.  Heme oxygenase-1 (HO-1) plays critical role in metabolizing the excess heme generated during hemolysis.  The products of HO-1 activity including carbon monoxide (CO), have demonstrable anti-inflammatory effects. We have previously demonstrated that CO inhibited hypoxia–induced vaso-occlusion in S+S-Antilles mice, a model of sickle cell disease (SCD).   Given these observations, we hypothesized that prolonged treatment with inhaled CO would decrease leukocytosis and organ pathology in SCD mice.  We exposed S+S-Antilles mice to 250 ppm inhaled CO for 1h 3X/week for 8-10 weeks.  Flow cytometry for myeloperoxidase and the granulocyte differentiation marker GR-1 (Ly-6G/6C) demonstrate a significant (p<0.05) decrease in progenitor and mature granulocytes in CO-treated mice.  Colony-forming cell assays demonstrate a significant decrease (p<0.05) in CFU-GM in 250 ppm treated bone marrow compared to controls.  Flow cytometry on bone marrow for hematopoietic markers CD117, CD45R/B220, CD90.1, and CD135 also demonstrate a significant (p<0.05) decrease in common lymphoid progenitor cells and significant (p<0.05) increase in early hematopoietic progenitor cells in CO-treated animals. Hypoxia inducible factor 1-alpha (HIF-1α) protein levels were significantly (p<0.05) increased in the spleens of CO treated SCD mice compared to controls.  Therefore, we performed an array of hypoxia-responsive genes in mouse spleens. The CO-treated mice have significantly (p<0.05) increased expression of the Rho-GTPase family member Cdc42, a recently identified component in hematopoietic balance.  Cdc42 knockout mice have increased myelopoiesis associated with up-regulation of promyeloid genes such as PU.1.   We performed qRT-PCR on splenic RNA which demonstrated a significant (p<0.05) decrease in PU.1 expression in 250 ppm CO-treated SCD mice. Western blots conducted on liver samples revealed significantly increased expression of activated Akt and p38 MAPK, two pathways associated with CO-mediated cytoprotection.  To assess for changes in pathology, we semi-quantitatively analyzed liver samples from untreated and 250 PPM CO-treated S+S-Antilles mice.  The CO-treated mice had significantly (p<0.05) less parenchymal necrosis compared to untreated mice.   In summary, we conclude that inhaled CO treatments decrease leukocytosis in SCD mice by decreasing myelopoiesis and lymphopoiesis. In addition, CO-treatments reduce liver pathology in the S+S-Antilles mice. The reduction in leukocytosis and the decrease in organ pathology indicate that CO is able to reduce inflammation in SCD mice.  We propose that inhaled CO treatment may be a potential anti-inflammatory therapy for patients with SCD.
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Introduction: Pulmonary edema is a serious consequence of left ventricular cardiac failure. Our hypothesis is that elevated capillary pressures by chronically elevated left atrial pressures (LAPs) lead to lung edema and fibrosis development in a rat model. The combination of edema and fibrosis development would result in pulmonary dysfunction with decreased dynamic lung compliance. 
An original rat model to assess lung function in prolonged heart failure has been developed. The aim of the study was to elevate LAP for 7 days and: 1) to test if the lung fluid and lung connective tissue (hydroxyproline) are increased at 7 days compared to 4 hours only; 2) to test the effect of limited lymph flow on the increase in lung fluid; 3) to assess the mechanical changes of the lungs occurring at 7 days of LAP elevation compared to sham controls.
Methods: Under isoflurane anesthesia, the chest is opened via a midline incision.  A Tygon catheter is introduced into the left ventricle through the apex of the heart to record left ventricular end diastolic pressure.  A wire is placed through the left ventricle and thereby restricting left ventricular filling during cardiac diastole.  This procedure causes an increase in LAP about 15-20 mm Hg above baseline. Wet lung weight, hydroxyproline content and airway resistance/lung compliance by forced oscillation technique were measured.
Results: Lung fluid was elevated significantly after 7 days compared 4 hours group of LAP elevation (3.94 ± 0.57 vs. 3.2 ± 0.1 ml/kg). No significant difference in lung fluid was found for rats in which lung lymph drainage was altered (3.71 ± 0.56 vs. 3.94 ± 0.57 ml/kg). Lung hydroxyproline was increased substantially at 7 days (21.7 ± 3.3 mg/kg) compared to 4 hours (16.0 ± 1.2 mg/kg).  Dynamic lung compliance was significantly lower in test rats with elevated LAP vs. control rats (0.13 ± 0.05 vs. 0.23 ± 0.05 ml/cmH2O respectively). Airway resistance was significantly higher in the test vs. control rats (test rat resistance = 0.23 ± 0.08, control rat resistance = 0.12 ± 0.02 cmH2O/(ml/s).
Conclusions: Our preliminary findings support the hypothesis that prolonged elevations in LAP caused significant deterioration in the mechanical properties of the lung by connective tissue deposition and by (remove by) altered lung fluids homeostasis. Long term effects could lead to lung fibrosis and irreversible lung injury.

POSTER PRESENTATION 
ASCI/AAP Joint Meeting 2009
Conditional Regulation of Tumor Suppressor Genes in vivo using RNA interference
 62
PRESENTER:
Prem   Premsrirut MD/PhD candidate
Prem K. Premsrirut, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY* 
Cornelius Miething, MD, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY* 
Johannes Zuber, MD, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY* 
Sang Yong Kim, PhD, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY* 
Gregory J. Hannon, PhD, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY and Howard Hughes Medical Institute* Scott W. Lowe, PhD, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY and Howard Hughes Medical Institute*
RNA interference (RNAi) is a powerful method for suppressing gene expression in mammalian systems.  We have shown that RNAi can cause sufficient knockdown to recapitulate the phenotypes of knockout mice, particularly in cancer models. More importantly, unlike traditional knockout models, RNAi has the powerful advantage of reversibility, since the endogenous gene remains intact.  Our first generation regulatable RNAi mouse model provided the proof of principle that RNAi technology can be used to spatially, temporally and reversibly regulate gene expression. However, it was generated by classical transgenesis using standard pronuclear injection, and while proven effective, this method is not feasible for the reliable generation of different RNAi transgenic animals as random genomic insertions are prone to variation in copy number, expression and silencing.  To circumvent these drawbacks, our second generation RNAi mice were generated using the FLP/FRT recombinase system to target tet-regulatable microRNA-based shRNAs at single copy downstream of the endogenous ColA1 locus.  This system takes advantage of previously engineered embryonic stem (ES) cells developed by the Jaenisch laboratory, which confer high targeting efficiency and can be used to rapidly generate ES-cell derived mice by tetraploid embryo complementation.  Using this model, we have generated mice with shRNAs targeting the INK4a/ARF, PTEN, and Trp53 tumor suppressor genes in order to study the requirement for tumor suppressor gene loss in a variety of tumor models, including T cell lymphomagenesis and K-Ras driven lung adenocarcinomas. Analogous to previous studies using traditional knockout models, we show that INK4a/ARF or Trp53 downregulation by RNAi cooperates with K-Ras to accelerate lung tumorigenesis.  With the use of microPET imaging analysis, we will track tumor development and determine whether INK4a/ARF or Trp53 reactivation will lead to tumor regression.  Our models provide a platform to enable spatial, temporal, and reversible control of any endogenous gene expression and will determine the impact of reactivating tumor suppressor networks in established tumors, which could have significant implications for guiding future cancer therapies.
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Receptor-mediated G-protein activity has previously been examined in specific brain regions thought to mediate the effects of cannabinoids (CBs).  However, the relationship between ligand type and localization of receptor-mediated G-protein activity has not been examined using a novel whole-brain unbiased image analysis approach. 
The ability of different CB agonists, 25 µM methanandamide (m-AEA), 3 µM CP-55,940 (CP) and 10 µM WIN55,212-2 (WIN), to activate G-proteins was first assessed in wild-type and CB1 knockout mice.  Because WIN appeared to activate G-proteins via non-CB1 sites, naive mouse brains were then processed using 10 µM WIN in the presence and absence of the CB1 selective antagonist SR141716A (0.5 µM SR1).  Both studies used agonist-stimulated [35S]GTPgammaS autoradiography to localize G-protein activity in 3D reconstructed brain images, derived from coronal sections that were collected  throughout the neuroaxis with an interslice distance of 200 µm. Each autoradiographic section was digitized, realigned to its neighbor using an intensity-based registration algorithm, and aligned sections were stacked into a volumetric image array and quantitated. Reconstructed brain volumes were spatially normalized into a common coordinate space as defined by a linear combination of brain templates derived from each condition (no agonist (basal), m-AEA, CP, or WIN).  We used a voxel-based whole brain analysis strategy, Statistical Parametric Mapping (SPM), to localize differences in magnitude of [35S]GTPgammaS binding in the reconstructed mouse brain. 
All three agonists stimulated [35S]GTPgammaS binding in brains from wild-type mice.  No significant stimulation was found using CP or m-AEA in any region of brains from CB1 knockout mice.  In contrast, WIN significantly stimulated G-protein activity in CB1 knockout mice mouse brains in several regions, including cortex, hippocampus, hypothalamus, amygdala, cerebellum, and dorsal tegmental nuclei.  No significant WIN stimulation was found in basal ganglia.  Further, WIN stimulation in wildtype brains in the presence of SR1 showed a similar regional profile of G-protein activation as in CB1 knockout mice.  SPM analysis revealed a unique profile of CB1 receptor-mediated G-protein activity, varying both in magnitude and neuroanatomical localization, when using a maximally effective concentration of different CB agonists.  These results also revealed WIN-stimulated activity mediated by non-CB1 sites that could be spatially localized and mapped throughout the reconstructed mouse brain. 
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Cholera, caused by Vibrio cholerae, is a non-invasive enteric disease with a high mortality rate if untreated. Infection with V. cholerae elicits long term protection against subsequent disease in endemic countries. Although the mechanism of this protective immunity is unknown, it has been hypothesized that a protective mucosal response to V. cholerae infection may be mediated by anamnestic responses of memory B cells of the gut associated lymphoid tissue. To characterize memory B-cell responses to cholera, we enrolled a cohort of 39 patients with culture confirmed cholera and evaluated their immunologic responses at frequent intervals over one year. Memory B cells to cholera antigens, including cholera toxin B subunit (CTB), lipopolysaccharide (LPS), and toxin-coregulated pilus major subunit A (TcpA) were enumerated using a method of polyclonal stimulation of peripheral blood mononuclear cells followed by a standard ELISPOT procedure. All patients demonstrated CTB, TcpA, and LPS-specific IgG and IgA memory responses by day 90. In addition, these memory B-cell responses persisted up toone year, substantially longer than other traditional immunologic markers of infection with V. cholerae. This demonstrates that measurement of circulating cholera-specific memory B cells provides a useful long-term marker of the immune response to severe V. cholerae infection. Theoretically, such memory B cells could mediate anamnestic responses to V. cholerae infection, and future studies will examine the correlation between circulating memory B cells and protective immunity in household contacts of cholera patients at high risk of developing cholera.
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White adipose tissue (fat) is the primary organ for energy storage and an excess or lack of fat tissue can result in significant human morbidity due to metabolic, reproductive or cardiovascular complications. It is becoming clear that the size of specific fat depots is associated with different medical risks. Fat is chiefly comprised of adipocytes (fat cells), which represent the smallest functional unit of fat tissue and must change in size and/or number to change fat tissue mass. Little is known about whether adipocyte progenitor (AP) cells contribute to an expanding fat mass under physiological conditions in adults, and whether depot-specific differences in APs may account for the functional differences between fat depots. Here we characterized APs that were prospectively purified from either subcutaneous (S-AP) and visceral (V-AP) fat depots of mice and show that S-APs, but not V-APs, contribute to adipocyte hyperplasia after high fat feeding in adult animals. Our analyses highlight the heterogeneity of fat progenitor cells, and we reveal distinct differences in the clonogenic and adipogenic ability of APs harvested from different depots. These results suggest that differences in depot-resident AP populations may be responsible for the physiological differences observed between different fat depots. The field of adipocyte hyperplasia is in its infancy as the identification of new adipocyte generation throughout life, and existence of fat-resident adipocyte progenitors, were only recently confirmed. Since large adipocytes are associated with insulin resistance and metabolic disease, whether fat mass expands by adipocyte hypertrophy (resulting in large adipocytes) or hyperplasia (resulting in small adipocytes) might ultimately determine a depot’s behavior. Our findings provide the basis for future work to identify the factors controlling adipocyte hyperplasia, and their effects fat depot physiology.
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Purpose: Blood-spinal cord barrier (BSCB) breakdown is an important secondary effect following mechanical trauma to the spinal cord. Angiopoietin-1 (Ang1) reduces vascular permeability and stabilizes blood vessels. Magnetic resonance imaging (MRI) studies on a rodent model of spinal cord injury (SCI) were performed using a seven Tesla scanner. The effects of Ang1 on BSCB permeability and lesion volume were quantitatively evaluated using dynamic contrast-enhanced MRI (DCE-MRI) and high-resolution anatomical MRI, respectively.
Methods:
1. Two days following acute administration of Ang1 or vehicle alone (control) in experimental SCI, DCE-MRI studies were performed to noninvasively track spatial changes in BSCB permeability. DCE-MRI data was analyzed using a two-compartment pharmacokinetic model. Immunohistochemistry for markers of vascular integrity and BSCB breakdown was also performed on excised spinal cords.
2. High-resolution anatomical MRI scans were performed for quantification of lesion volume.
3. Neuromotor recovery was assessed using the Basso-Beattie-Bresnahan (BBB) scale. 
Results:
1. At the injury epicenter and at sites 6 mm caudal/rostral to the lesion on DCE-MRI, Ang1-treated animals had improved vascular integrity via reduced BSCB permeability compared to vehicle controls (p<0.002).
2. Ang1-treated animals had significantly reduced SCI lesion volume compared to vehicle controls (p<0.025).
3. BBB scores of Ang1 treated animals were significantly greater than those of vehicle controls (p<0.04).
Conclusion: This study suggests a beneficial role of acutely administered Ang1 in reducing BSCB permeability, reducing lesion volume, and improving neuromotor recovery in the acute phase of SCI. Longitudinal studies are underway to assess the long-term effect of Ang1 on recovery from SCI.
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Febrile seizures are the most common type of seizure in infancy and early childhood.  Few studies have addressed the cellular mechanisms by which high temperature triggers seizures in the immature brain.  Clues to these mechanisms are few; one possibility is that central TRPV1 (transient receptor potential vanilloid 1) receptors mediate between high brain temperature and hyperexcitability.  Heat-sensitive TRP channels have been extensively studied in the sensory periphery, but recent work shows that various TRP channels are also expressed in the brain.  Toth et al. (Brain Res, 2005) observed substantial expression of TRPV1 channels in the hippocampus and neocortex.  Functional roles of these channels in the brain have begun to be studied.  TRPV1 channel activation was recently demonstrated to be both necessary and sufficient to induce LTD in hippocampal interneurons in CA1 (Gibson et al. Neuron, 2008).  This and other findings demonstrate that TRP channels in the brain have a significant impact on neural excitability.  We speculated that certain TRP channels could be a substrate for heat-induced hyperexcitability and febrile seizures. To test the hypothesis that TRPV1 channel activation contributes to the generation of febrile seizures, we induced febrile seizures in TRPV1 knockout (Trpv1-/-) mice and littermate wild-type controls (C57BL/6 background) at P14-15, using the heated-air model (Baram et al. Dev Brain Res, 1997).  Whereas wild-type mice had a mean seizure threshold of 39.5°C, the threshold for littermate TRPv1-/- mice was 41.1°C (p=0.0023).  Knockout mice also took longer to seize than littermate controls (130 sec vs. 94 sec, respectively; p=.0009) Thus, TRPV1 knockout mice show a decreased susceptibility to febrile seizure onset. To test the effects of increased temperature on neural excitability, we recorded from CA1 of mouse hippocampal slices in vitro.  Increasing slice temperature from 32°C to about 42 °C enhanced excitability of pyramidal cells, and induced spontaneous epileptiform events in most slices.  We also stimulated the Schaffer collateral pathway with paired-pulses and recorded field potentials in stratum radiatum of CA1.  Preliminary results in wild-type mice demonstrate that high temperature induces a transient increase in field potential amplitude and a decrease in paired pulse facilitation.  We are currently exploring whether the absence of the TRPV1 gene alters the effects of high temperature on neuronal and synaptic excitability.
In conclusion, our recent work demonstrates that high temperature increases the excitability of the juvenile mouse hippocampus, and that the deletion of TRPV1 reduces susceptibility to febrile seizures. 
Supported by 5F30NS060325-02, NS25983, and NS050570 from NIH.
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Drosophila Ras1 (D-Ras1) is highly homologous to mammalian Ras and regulates a MAPK pathway that is analogous to that of vertebrates.  Its function has been most extensively studied in the signaling pathway that determines the fate of the R7 photoreceptor in the Drosophila eye.  The membrane-targeting region of D-Ras1 contains a CAAX motif flanked by a polybasic region.  The Drosophila CAAX sequence differs from that of mammalian Ras proteins in that it is predicted to be a substrate for geranylgeranyl transferase I rather than farnesyltransferase and because it has a charged residue (lysine) in the A1 position.  Surprisingly, YFP-tagged D-Ras1 expressed in mammalian and insect cells showed much lower affinity for membranes than did human Ras proteins with a large portion of D-Ras1 expressed in the cytosol.  Substitution of the lysine in the A1 position for valine significantly improved membrane association suggesting that endogenous D-Ras1 is inefficiently prenylated.  We generated lines of transgenic flies expressing various alleles of D-Ras including ones chimeric with highly membrane associated human K-Ras and one that lacked entirely a prenylation signal.  We used the MARCM system of mitotic recombination to study clones of cells in the developing eye such that we could score for rescue of a D-Ras1 null phenotype (small clones that lack neuronal differentiation).  Native D-Ras1 expressed as a transgene efficiently rescued the D-Ras1 null phenotype.  Surprisingly, whereas the strongly membrane associated form of chimeric D-Ras1 failed to rescue, the non-membrane targeted allele rescued as well as native D-Ras1.  These data suggest that endogenous D-Ras1 is inefficiently targeted to membranes and that the biological activity of Ras in Drosophila eye development does not depend on membrane association.
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Hepatitis C virus (HCV) is a blood-borne virus that infects approximately 170 million people worldwide, and increases the risk of hepatocellular carcinoma and cirrhosis in chronic carriers. It is currently believed that HCV utilizes CD81, scavenger receptor B1 (SRB1), and claudin 1 and occludin 1 to gain entry into hepatocytes, although little is known about the precise sequence of events in the viral attachment and entry pathways.  Antibodies capable of neutralizing infection in vitro have been identified in chronically infected patients and chimpanzees, and current evidence suggests that many appear to block binding to CD81.  To begin to address the molecular determinants that define antibody neutralization of HCV, we have generated a panel of 41 antibodies against hepatitis C E2 protein from genotype 2.  We have assessed these antibodies for their ability to block soluble E2 binding of CD81 in vitro and for their ability to neutralize HCV infection in vitro.  In the future, we plan to map the binding epitopes of neutralizing antibodies and determine the important epitopes for antibody mediated neutralization of HCV infection.
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Autophagy is implicated in many functions of mammalian cells such as organelle recycling, survival, and differentiation, and is essential for the maintenance of T and B lymphocytes.  Here, we demonstrate that autophagy is a constitutive process during T cell development.  Deletion of the essential autophagy genes Atg5 or Atg7 in T cells resulted in decreased thymocyte and peripheral T cell numbers, and Atg5-deficient T cells had a decrease in cell survival.  We employed functional-genetic and integrative computational analyses to elucidate specific functions of the autophagic process in developing T-lineage lymphocytes.  Our whole-genome transcriptional profiling identified a set of 699 genes differentially expressed in Atg5-deficient and Atg5-sufficient thymocytes (Atg5-dependent gene set).  Strikingly, the Atg5-dependent gene set was dramatically enriched in genes encoding proteins associated with the mitochondrion.  In support of a role for autophagy in mitochondrial maintenance in T lineage cells, the deletion of Atg5 led to increased mitochondrial mass in peripheral T cells.  We also observed a correlation between mitochondrial mass and Annexin-V staining in peripheral T cells.  We propose that autophagy is critical for mitochondrial maintenance and T cell survival.  We speculate that, similar to its role in yeast or mammalian liver cells, autophagy is required in T cells for the removal of damaged or aging mitochondria and that this contributes to the cell death of autophagy-deficient T cells.
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Infantile hemangioma (IH) is the most common tumor of childhood.  IH is composed of disorganized blood vessels and exhibits a unique lifecycle of rapid post-natal growth followed by slow regression to a fibrofatty residuum.  Our lab has isolated from IH tissue a multipotential stem cell that gives rise to hemangioma-like lesions in immunodeficient mice. Blood vessels in IH are surrounded by α-smooth muscle actin (α-SMA) positive pericytes and there are α-SMA positive cells in a similar proximity to vessels in our mouse model.  Here we report that hemangioma stem cells (HemSC) can differentiate into pericytes.  HemSC can be induced to express smooth muscle markers when co-cultured in vitro with cord blood endothelial progenitor cells (cbEPC).  This has been demonstrated using multiple modalities, including immunohistochemistry and western blot.  In vitro smooth muscle differentiation of HemSC is dependent on direct contact with cbEPC, but can be maintained up to 10 days after cbEPC are removed from culture.  HemSC and cbEPC when combined in Matrigel™ and injected into immunodeficient mice form functional blood vessels.  We used green fluorescent protein (GFP) labeling to confirm that the HemSC form a layer of pericytes around blood vessels, while the cbEPC form the vascular endothelium within the Matrigel.  In conclusion, HemSC can differentiate into smooth muscle-like cells in vitro, and assemble around newly formed microvessels in vivo when injected with cbEPC into immunodeficient mice.  Thus, the HemSC has the multipotential capacity to differentiate into endothelial, adipocyte, and pericyte lineages, the three main cell types found in IH.  This study provides further evidence for the HemSC as the cellular origin of hemangioma and supports the investigation of HemSC as a therapeutic target for the treatment of IH.
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Each year nearly 2 million people die from tuberculosis (TB).  A 2008 report from the World Health Organization found that worldwide multi-drug resistant TB rates were the highest ever recorded.  The increasing rate of drug resistant TB makes the need for new therapies essential in combating this disease.  M.tb, the causative bacterium of TB, is an intracellular pathogen of macrophages.  It uses complement receptor 3 (CR3) for complement-opsonized and nonopsonized phagocytosis by human macrophages and replicates intracellularly in the mycobacterial phagosome.   The polysaccharide β-glucan, found in the cell wall of yeast, has been investigated for its efficacy in promoting anti-microbial and anti-tumor activities through its binding to macrophage pattern recognition receptors.  β-glucan has been found to competitively inhibit binding to CR3, as well as to up-regulate pro-inflammatory cytokines and innate immune responses against Salmonella and E. coli, most likely through its binding to Dectin-1.  Here we determined the effects of β-glucans on bacterial cell association and survival before and after infection of human monocyte-derived macrophage (MDM) monolayers with Mycobacterium bovis BCG (TB vaccine strain) or M.tb Erdman (virulent strain).  We found that treatment of MDMs with β-glucan prior to infection significantly reduces cellular association and intracellular survival of M. bovis BCG when compared to non-glucan controls.  In contrast, MDMs treated with β-glucan before and/or 24 h after infection have no effect on virulent M.tb intracellular survival.  However, MDMs treated with β-glucan pre- and 24 h and 72 h post- infection caused a 42.3 ± 7.8% reduction in bacterial CFUs after 96 h when compared non-glucan controls.  These studies show that while treatment of macrophages with β-glucan before and 24 h after infection has no effect on intracellular bacterial survival, booster doses with β-glucan can significantly reduce survival of M.tb within macrophages.  Our results indicate an antimicrobial effect of β-glucan against both M. bovis BCG and M.tb within human macrophages.  This study suggests that β-glucan may have therapeutic potential to treat TB.
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Background: The National Heart, Lung, and Blood Institute’s Candidate Gene Association Resource (CARe) is a planned cross-cohort association analysis of genetic variation with cardiovascular, lung, blood, and sleep traits measured in more than 50,000 individuals from nine cohort studies. The goals of CARe include: 1) Discovery of new variants associated with cardiovascular traits using the candidate gene approach; 2) Discovery of new variants using the genome-wide association approach in African-Americans; 3) Characterization of validated variants in clinical subgroups stratified by ethnicity, gender, or clinical covariates; 4) Exploration of gene environment interactions. Methods: As part of a pilot study to evaluate the accuracy of sample handling, DNA quality, and phenotype assembly, we selected 38 single-nucleotide polymorphisms (SNPs) to be genotyped in all individuals, of which 34 SNPs passed quality control criteria. We tested these SNPs for association with several phenotypes including high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, systolic blood pressure, diastolic blood pressure, body mass index, and type 2 diabetes mellitus (T2D). Individuals from four self-identified ethnic groups were represented: Caucasian (n=26,641), African Americans (n=10,360), Hispanics (n=1,410), and Chinese Americans (n=717). For the quantitative traits, we constructed sex-, race-, and cohort-specific phenotype residuals after accounting for age and age2. Phenotypes were standardized to mean 0, SD 1. We used linear regression to test for the association of SNP with lipid phenotype residuals. An additive genetic model was assumed. For T2D, we conducted logistic regression after accounting for age and age2. Results: We observed strong replication of previous reports for SNPs at CETP with HDL cholesterol, PCSK9 with LDL cholesterol, APOA5 with triglycerides, and TCF7L2 with T2D. For selected SNPs, we observed race-specific differences in effect size. Conclusions: The CARe Pilot Study validates the operational framework for the phenotype cataloging, SNP genotyping, and analytical pipeline in CARe and sets the stage for the planned candidate gene study of ~2000 biologic candidates in all participants and a genome-wide association study in ~10,000 African-American participants.
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Band 4.1B is a cytoskeletal adaptor protein that is involved in central nervous system (CNS) development and tumorigenesis; however, the mechanisms by which Band 4.1B contributes to various aspects of cellular behavior are not understood.  To better characterize the functional roles of Band 4.1B, we studied Band 4.1B in relation to one of its interacting molecules, αvβ8 integrin.  αvβ8 integrin is a cell adhesion receptor that mediates cell-extracellular matrix (ECM) interactions and intracellular signaling.  We have recently shown the selective binding between Band 4.1B and the β8 cytoplasmic tail of αvβ8 integrin, a crucial domain for integrin inside-out activation.  Here, we tested the hypothesis that Band 4.1B modulates αvβ8 integrin mediated cell adhesion and signaling in the CNS by regulating the activation state of αvβ8 integrin.  Cell adhesion and spreading of the αvβ8 integrin expressing primary wild-type and band 4.1B deficient mouse astrocytes were examined by plating the cells on latency associated peptide of TGFβ1 (LAP-TGFβ1), an ECM ligand for αvβ8 integrin, or on laminin, an ECM ligand that is not bound by αvβ8 integrin.  The motility of these astrocytes was also examined by utilizing the in vitro wound healing assay.  In the absence of the Band 4.1B expression, the astrocytes showed increased adhesion and spreading on LAP-TGFβ1, but not on laminin.  In addition, the Band 4.1B deficient astrocytes demonstrated increased cell motility compared to the wild-type astrocytes.  Increased affinity of integrins to ECM ligands is a hallmark of integrin inside-out activation.  Given the increased adhesion of the Band 4.1B deficient astrocytes to the αvβ8 integrin specific ligand, but not to the control ligand, band 4.1B is likely to act as a negative regulator of αvβ8 integrin activation, preventing the integrin-ECM interactions.  The increased cell spreading and motility in the absence of Band 4.1B also suggest that Band 4.1B modulates the downstream signaling pathways of αvβ8 integrin.  Thus, we propose a model of Band 4.1B’s regulation of αvβ8 integrin where Band 4.1B inhibits αvβ8 integrin activation through its interaction with the β8 cytoplasmic tail and prevents downstream signaling via αvβ8 integrin.
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Mammalian cells have two major pathways by which pattern recognition receptors initially detect viral infection.  The Toll-like receptor (TLR) pathway consists of a number of transmembrane receptors located on either the plasma membrane or within endosomal compartments that respond to extracellular components, while the Rig-I-like receptor (RLR) pathway consists of sensors located within the cytoplasm that detect viral infection within the cell.  Several in vitro studies have revealed that both pathways appear to be important for the initiation of the antiviral and inflammatory responses.  In order to further investigate the roles of these pathways in viral infection, we have focused on the role of TLR3, a TLR family member, and melanoma differentiation associated gene-5 (MDA5), a RLR family member, both of which respond to dsRNA.  Using MDA5-/- and TLR3-/- mice as well as mice that lack both MDA5 and TLR3 (double knockout mice, DKO), we demonstrate that MDA5 and TLR3 have distinct roles in limiting encephalomyocarditis (EMCV) infection in vivo.  Wild type mice survive EMCV infection, whereas DKO mice die within 3 days post-infection (pi), MDA5-/- mice 5 days pi, and TLR3-/- mice at 24 days pi.  In addition, histological analysis and viral titers indicate that MDA5 and TLR3 play distinct roles in the heart and pancreas.  We also demonstrate that MDA5 and TLR3 induce distinct patterns of cytokine activation during in vivo infection.  These results indicate that although the function of the TLR and RLR pathways are overlapping, they each have a unique role in limiting viral infection.
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NK cells are innate immune lymphocytes that react to cells lacking self-MHC class I, such as transformed or virally infected host cells and allogenic bone marrow transplants. In the effector responses against target cells, this reactivity is mediated by NK cell inhibitory receptors for MHC class I that block the ability of NK cell activation receptors to stimulate NK cells.  Furthermore, since many NK cells lack receptors to recognize self-MHC, the inhibitory receptors mediate a second function, termed NK cell licensing, to protect against autoreactivity. To become licensed, i.e. functionally competent to be triggered through its activation receptors, an NK cell must engage host MHC class I via at least one of its MHC class I-specific inhibitory receptors that belong to the Ly49 family of receptors in the mouse. The factors that govern this process remain to be defined. Herein, we investigated the licensing impact of the b, d, f, k, q, r, and s H2 haplotypes on Ly49A+ NK cells in MHC-congenic mice. In ex vivo stimulation assays, such as antibody cross-linking of an activation receptor (NK1.1) present on all NK cells and subsequent analysis of cytokine production by individual NK cells, some Ly49A-MHC class I haplotype combinations produced an intermediate licensing phenotype, indicating that licensing may not be a binary phenomenon. Furthermore, Ly49A surface accessibility, a measure of cis binding with MHC class I, and soluble Ly49A tetramer binding displayed a similar variability among the MHC haplotypes.  Taken together, the data indicate a direct correlation between strength of licensing, and strength of binding of Ly49A receptors to MHC class I, which together are inversely related to surface accessibility of Ly49A receptors. These data suggest that NK cell licensing is modulated by the strength of the interaction of inhibitory receptors with host MHC class I.
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Chick auditory neurons in the brainstem nucleus magnocellularis (NM) receive excitatory input solely from eighth nerve afferents.  Permanent cessation of these afferents via cochlea removal triggers a cascade of events within NM, including the death of 20-40% of neurons.  Previous studies by our lab and others showed activation of apoptotic caspases throughout deafferented NM, in both dying and surviving neurons.  TUNEL labeling of degraded DNA, a late event in the apoptotic pathway, was identified in the subpopulation of deafferented neurons undergoing death.  Interestingly, TUNEL labeling accumulated in cellular cytoplasm, suggesting a role for mitochondrial DNA in cell death.  Here, we evaluate activities of three mitochondrial enzymes within deafferented NM.  Hatchling chicks underwent unilateral cochlea removal.  Contralateral NM neurons remained unperturbed and served as within-animal controls.  Chicks were sacrificed 12, 24, 48, and 168 hours later.  Brains were harvested, frozen in heptane cooled by dry ice, and sectioned on a cryostat.  Serial sections through NM were mounted onto three series of slides and stained histochemically for cytochrome oxidase (CO), succinate dehydrogenase (SDH), and ATP synthase (ATPase) activity, respectively.  A fourth series of adjacent NM sections was mounted and stained with thionin to assess ribosomal Nissl integrity, a known correlate of cell fate.  Optical densities were measured in individual neurons and compared across time points.  As early as 12 hours after cochlea removal, the CO histogram of deafferented NM shows a unimodal upregulation of optical densities, implying that CO activity is elevated but largely similar in deafferented neurons compared to neurons within the contralateral nucleus.  By 48 hours, a small population of neurons with low CO activity persists, perhaps representing a subset of thionin-negative, dying neurons.  Examination of the SDH and ATPase histograms shows the emergence of two distinct subpopulations within deafferented NM by 12 hours.  These results suggest that neurons targeted to die following cochlea removal upregulate SDH and ATPase activities in a cell-specific manner.  We suspect that elevations in SDH activity occur in dying neurons as their mitochondria degrade and “last ditch” attempts at ATP production are shifted towards Krebs Cycle activation.  Similarly, elevations in ATPase activity suggest mitochondrial uncoupling in those neurons destined to die.  Taken together, our findings support a critical role for mitochondria in maintaining neuronal health following afferent disruption.
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A genome-wide mutagenesis project employing N-ethyl-N-nitrosourea (ENU) in mice was used to identify mutations that caused hypogonadal phenotypes.  Whole genome analysis using a highly parallel genotyping assay (768 SNP panel) mapped the mutations to a 20-90 Mb region.  Candidate genes in these regions were identified and sequenced, allowing identification of the mutations responsible for cryptorchid (Lgr8), hypogonadism (Prdm9) and germ cell loss (Plk4) phenotypes.  A custom genotype array (384 SNP targeted panel) was created for further fine mapping of two additional hypogonadal lines.  The mapping has reduced the regions of interest to 2 Mb and additional mapping and sequencing of candidate genes is ongoing.  Mouse lines for which the mutations are identified will be characterized to understand the relationship of the gene involved to the phenotype observed. One such gene, Polo-like kinase 4 (Plk4), encodes a serine/threonine kinase, which is highly expressed in the testis.  However, the role of Plk4 in spermatogenesis remains unknown.  In addition to characterizing the role of known genes (Lgr8, Prdm9 and Plk4) in testis function, we anticipate that the mutated genes in the two remaining lines with testicular defects will provide novel insights, as the mapped intervals do not contain genes with known roles in the testis.
Supported by U01 HD043425 NIH/NICHD.

Poster Presentation 
ASCI/AAP Joint Meeting 2009
Mast cells regulate blood-brain barrier permeability in experimental autoimmune encephalomyelitis
 80
PRESENTER:
Alison Christy
Blayne A. Sayed, Northwestern University, Chicago, IL, USA*
Melissa A. Brown, Northwestern University, Chicago, IL, USA*
Experimental allergic encephalomyelitis (EAE) is the rodent model of multiple sclerosis, an autoimmune CNS demyelinating disease. Although myelin-specific CD4+ T helper cells are major effector cells in both the human and murine disease, mast cells (MC) play an important modifying role in EAE. Previous studies have shown that MC-deficient mice (c-kit deficient, W/Wv) exhibit delayed onset of disease and decreased EAE severity compared to their wild type littermates. However, the major site of mast cell influence has not been defined. Previous studies established that in the absence of MC, the magnitude and kinetics of peripheral Th1 cell responses is altered, but these relatively minor differences are not enough to account for the observed disparity in disease course. More striking is the failure of T cells and other inflammatory cells to efficiently infiltrate the CNS in W/Wv mice. MC may thus promote access to the CNS in EAE by increasing cellular trafficking or allowing pathogenic cells to breach the blood-brain barrier (BBB).  
MC are known to release angiogenic, vasodilatory and inflammatory factors that could affect BBB permeability. To examine BBB permeability in WT and W/Wv mice during EAE, disease was induced in both groups of animals by immunizing with MOG35-55 in CFA in the presence of pertussis toxin. At various times post-immunization, mice were given an intraperitoneal injection of sodium fluorescein (NaF), a molecule that can penetrate a compromised BBB but remains in the circulatory system of a healthy animal. Fluorescence in the CNS was then compared to that observed in the cardiac blood.  Our results demonstrate that permeability is profoundly reduced in W/Wv mice throughout disease course and that this permeability is dependent on pertussis toxin in WT mice.  Reconstitution of W/Wv animals with bone marrow-derived MC restores BBB permeability to WT levels. Although such mast cell repletion does not lead to repopulation of MC to the brain or spinal cord, we demonstrate that the mast cells are restored to the dura mater, a dense membrane surrounding the brain and spinal cord in close proximity to nerves and vessels. Taken together, these data provide an explanation for reduced disease observed in W/Wv mice and indicate that the dura mater, a sheath normally populated with thousands of MC, is a major regulatory site of inflammatory cell influx during EAE. Studies are underway to determine the cause of dural mast cell activation in this disease setting and to define the relevant mast cell mediators that promote this pathologic BBB permeability.
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Cancer stem cells (CSCs) refer to a subset of tumor cells that have the ability to self-renew and generate the diverse cell populations that comprise a tumor. The cancer stem cell model in tumorigenesis may explain the differences in cells’ ability to resist treatment with radiation and chemotherapeutic agents. The ability of CSCs to seed new tumors upon transplantation into mice has also suggested an essential role for CSCs in metastasis. Recent findings show that the serum protein Macrophage Stimulating Protein or MSP promotes breast cancer metastasis. Here, we show that MSP promotes expansion of a putative cancer stem cell population within tumors. The mechanism for the role of MSP in these two processes remains to be explored; however, our working hypothesis is that MSP expands a cancer stem cell population, which in turn increases the potential of a solid tumor to metastasize. To test this hypothesis, we first asked whether enrichment of a population of cancer stem cells would give the tumor significant growth advantages and metastatic capability, versus a cancer stem cell-depleted population. To enrich for this population, we used Aldehyde dehydrogenase 1 isoform 1A, a known marker for cancer stem cells. Here, we show results for identifying and sorting two populations of cells (ALDH1A1high versus ALDH1A1low) in four different human breast or breast cancer cell lines. Our results indicate that DU4475, a highly tumorigenic and metastatic cell line, contains the greatest percentage of ALDH1A1high cells (35-45%) while MCF10A, a normal breast cell line contains the lowest percentage of ALDH1A1high cells (2-6%). Also, we observe that in MCF7, another breast cancer cell line that produces tumors upon transplantation in NOD/SCID mice, contains around 9%-21% ALDH1A1high cells. In comparison, MDA-MB453, a breast cancer cell line that is known not to produce tumors upon transplantation contains 4%-10% of ALDH1A1high cells. These results suggest that the ALDH1A1high population within a cell line may correlate with tumorigenicity and metastatic potential. To test this, we sorted ALDH1A1high cells from MDA-MB453 and transplanted these cells into NOD/SCID mice. Our data will show whether enrichment of a CSC population using the aldefluor assay can induce tumor formation from a breast cancer cell line with poor tumorigenic potential. To test whether MSP expands a cancer stem cell population, we added MSP to MCF7 cells or MCF7 engineered to express the MSP receptor, Ron. Our results indicate that MSP is able to transiently increase ALDH1A1high cells in MCF7+Ron cells. Future studies will be focused on a) further characterizing the effect of MSP on expansion of the ALDH1A1high population, and b) comparing the tumorigenic and metastatic frequency of MSP-expressing ALDH1A1high cells to non-MSP expressing ALDH1A1high cells in vivo.
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The initial entry of papillomaviruses into their target cells has been shown to occur by clathrin-mediated endocytosis and caveolae-mediated endocytosis. These mechanisms entail the formation of nascent-coated vesicles at the plasma membrane. Such coated vesicles, clathrin or caveolin, form and pinch-off in a controlled mechanism that involves several proteins including dynamin. Dynamin is a GTPase that forms a dynamin ring at the stem connecting the nascent vesicle to the plasma membrane. In a still not fully characterized mechanism, dynamin’s contraction and twisting results in the scission of the vesicle. In an effort to better characterize the role and molecular mechanisms of dynamin’s function, researchers have identified dynasore, a dynamin GTPase inhibitor that prevents the scission of dynamin-dependent endocytic vesicles. Here, we have tested if infection by pseudovirus corresponding to the oncogenic human papillomavirus type  (HPV16) and bovine papillomavirus type 1 (BPV1) can be blocked by dynasore. We present data demonstrating that dynasore can block infection of HPV16 and BPV1 pseudovirions in a dose and time-dependent manner with equal efficiency. Presently, there is no available therapy that can block infection by a wide range of papillomavirus regardless of species or genotypes. Targeting dynamin may lead to the rational design of drug able to prevent infection by papillomaviruses, as well as by other infectious agent dependent on this protein for initial internalization into target cells. Whether such an approach will prove successful needs further investigation.
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The purpose of this study is to characterize the molecular mechanisms of the neurodegenerative disease Spinocerebellar ataxia type 1 (SCA1). Affected individuals have selective degeneration of the cerebellar cortex, brainstem, and spinocerebellar tracts, leading to progressive ataxia and loss of coordination. The cause of the disease stems from the toxicity of an expanded polyglutamine tract in mutant ataxin-1, but as with other members the trinucleotide repeat diseases family, the exact molecular mechanisms of SCA1 remain unclear.
We have previously shown that expression of ataxin-1 downregulates levels of RORa, a nuclear hormone receptor important for cerebellar development and function. RORa forms an in vivo complex with ataxin-1 and Tip60, a transcriptional coactivator. Using a partial loss of Tip60/82Q-SCA1 mouse model, we show upregulation of RORa and RORa-dependent genes which are implicated in Purkinje cell signaling pathways. Furthermore, the partial loss of Tip60 in the SCA1 mouse delays the onset of cerebellar degeneration and gait ataxia. Taken together, these results suggest Tip60 as a mediator of SCA1 cerebellar degeneration and potential theraputic target.
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Background: The F11 receptor (F11R) is a cell adhesion molecule (CAM), member of the immunoglobulin superfamily.  The F11R, aka JAM-A is expressed on the surface of platelets and localized within tight junctions of endothelial cells (EC). Inflammation of endothelial cells (EC) enhances the expression of F11R/JAM-A, well as other CAMs, at the luminal surface of inflamed EC, converts the lumen into a prothrombotic surface, and allows the circulating platelets to adhere to the activated endothelium. Our objectives in this study were to determine: 1) Is F11R synthesized de novo upon stimulation of EC by proinflammatory cytokines, 2) Can blockade of the stimulation of EC by cytokines inhibit the expression of F11R mRNA in EC, 3) Can knockdown of the F11R gene by short interfering RNA (siRNA) decrease the ability of platelets to adhere to inflamed EC, and 4) Which type of cell is involved in the formation of atherosclerotic lesions and exhibits enhanced expression of the F11R.
Methods:  Human umbilical vein endothelial cells (HUVEC) were treated with the RNA synthesis inhibitor, actinomycin D, or the anti-inflammatory drugs parthenolide/AG-490.  For transfection of EC, F11RsiRNA HSS121425 (Invitrogen) and scrambled siRNA human Non-Targeting siRNA No. 2 (Dharmacon) as control were used.  By immunfluorescence staining we localized and identified cells expressing the
F11R/JAM-A in the atherosclerotic plaques from CAD patients using markers for EC (anti-vWF), macrophages (anti-CD68), platelets (anti-CD61) and smooth muscle cells (anti-actin).
Results:  The preincubation of EC with actinomycin-D or anti-inflammatory drugs caused a 100% inhibition of F11R mRNA expression despite the stimulation of EC by cytokines.  siRNA experiments by oligofectamine delivery of F11RsiRNA using HUVEC achieved 80% silencing of the F11R gene by Real-time RT-PCR. Furthermore, 20% inhibition of the adhesion of platelets to the F11RsiRNA knockdown inflamed EC occurred with nonactivated platelets and 50% inhibition with collagen activated platelets. 
Immunofluorescence staining indicated that enhanced levels of the F11R protein in the atherosclerotic plaque is co-localized with EC, platelets, macrophages and smooth muscles cells (SMC).
Conclusions: These results demonstrate that 1) F11R mRNA is synthesized de novo upon stimulation of EC by cytokines, 2) the expression of F11R mRNA is inhibited by direct blockade of mRNA synthesis or blockade of TNFα and INFγ pathway. 3)  Knockdown of the expression of the F11R gene in inflamed EC results in up to 50% decreased in the ability of platelets to adhere to the inflamed EC. 4) F11R protein is expressed in most cells within the atherosclerotic plaque including EC, platelets, macrophages and SMC.
We conclude that homophilic interactions of F11R molecules are a significant component of the adhesion of platelets to the inflamed endothelium, and that this activity appears to be essential for plaque formation and atherosclerosis.
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In Vitro Maturation (IVM), the harvest and maturation of primary and secondary ovarian follicles, is rapidly gaining recognition as a potential alternative to In Vitro Fertilization (IVF) for fertility preservation in young female cancer patients suffering from therapy-induced premature infertility.  The construct of a functional artificial ovarian follicle to house the developing oocyte has emerged as a potential means of achieving IVM, and epitomizes translational research, combining tissue engineering, basic cell biology, and clinical application.  The process of cellular self-assembly, whereby cells aggregate to form three-dimensional microtissues, is fundamental to tissue engineering, particularly an ovarian follicle.  In the quest to engineer an artificial follicle, we first aimed to produce three-dimensional granulosa microtissues.  Using gap junctional intercellular communication (GJIC), a pivotal process in the in vivo follicle, as our main criterion, we then sought to assess the in vitro functionality of these microtissues.  Utilizing the micromolded hydrogel technology developed by our lab, we demonstrate here that KGN granulosa cells have the capacity to self-assemble into 3D microtissues.  Further, using a modified pre-loading assay, we show that KGN cells in these microtissues are in active GJIC.  An interesting and unexpected discovery was that gap junction formation and function appear to be crucial to the process of self-assembly itself.  To test this novel hypothesis, we demonstrate that application of pharmacologic GJIC inhibitors carbenoxolone, 1-heptanol, and lindane all inhibit KGN microtissue self-assembly.  Differences in magnitude and manner of inhibition suggest that gap junctions mediate cellular self-assembly through two components: intercellular communication and more importantly, transient non-covalent disulphide bond formation.  In conclusion, we have shown that KGN granulosa microtissues appear to be a viable in vitro building block for the construct of an artificial ovarian follicle, at the very least a useful experimental template.  Further, we propose the novel hypothesis that in addition to the long-standing Differential Adhesion Hypothesis, which states that self-assembly is primarily due to cadherin-mediated surface interactions, gap junctions also play an important role by facilitating intercellular communication and transient non-covalent bonding.  Future studies will focus on further examining the role of gap junctions in self-assembly through connexin mimetic peptides and anti-Cx43 antibodies, as well as assessing the hormonal functionality of granulosa microtissues.
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The excitatory neurotransmitter glutamate is released in response to inflammation at multiple levels of the pain neuraxis. Activation of the group I metabotropic glutamate receptor mGlu5 has been demonstrated to play a role in the modulation of numerous nociceptive modalities. Peripherally, intrathecally, and systemically administered mGlu5 antagonists have been demonstrated to have analgesic properties in a variety of pre-clinical pain models. Previous studies of mGlu5 antagonists in pain have been limited to pre-clinical animal models due to a lack of mGlu5 antagonists that are approved for use in humans. However, in 2005, Porter et al. demonstrated that the clinically validated non-benzodiazepine anxiolytic fenobam [N-(3-chlorophenyl)-N'-(4,5-dihydro-1-methyl-4-oxo-1H-imidazole-2-yl)urea] is a selective and potent non-competitive antagonist of mGlu5, similar to the prototypical antagonist 2-methyl-6-(phenylethynyl)-pyridine (MPEP). Porter, et al. further validated fenobam’s efficacy in a variety of rodent models of anxiety, however its efficacy in the treatment of pain remained untested. 
We therefore set out to test the ability of fenobam to act as an analgesic in two separate inflammatory pain models in mice, as well as assess for possible off-target effects, paying particular regard to motor impairment. 
To test our hypothesis we observed wild type (WT) and mGlu5 deficient (KO) mice in several experimental conditions. Wild type mice were pre-treated with fenobam (3, 10, or 30 mg/kg), MPEP (30 mg/kg), or vehicle (DMSO) and then given an intra-plantar injection of 2% formalin (10 ul), after which their formalin-induced spontaneous behavior was observed. The efficacy of fenobam (30 mg/kg) and MPEP (30 mg/kg) to affect the withdrawal latency to a thermal stimulus (PWL) of WT mice was measured following the induction of inflammation via an intraplantar injection of Complete Freund’s Adjuvant (CFA). The effects of fenobam (3, 10, 30 mg/kg) on locomotor behavior and motor coordination were also tested by observing mice moving freely in an open field and maintaining their balance while running on an accelerating Rotarod. Finally plasma and brain tissue concentrations for each dose were analyzed. 
Fenobam and MPEP were both found to decrease formalin-induced spontaneous behavior and relieve CFA-induced thermal hypersensitivity in mice. Fenobam was not found to alter motor coordination, however an increase in locomotor activity as measure in the open field was found at analgesic doses of fenobam. Finally, fenobam displayed an improved in vivo selectivity for mGlu5 over MPEP.
Our data support the hypothesis that the mGlu5 antagonist fenobam acts as an effective analgesic against inflammatory pain while lacking significant motor impairment. We feel that fenobam may represent a promising pharmacological agent for the treatment of inflammatory pain in humans.
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Hutchinson-Gilford Progeria Syndrome (HGPS) is a rare genetic disorder characterized by some aspects of accelerated aging. HGPS patients typically die from cardiovascular complications in their early teens. Previous studies have identified a de novo point mutation (C1824T) in the lamin A (LMNA) gene which responsible for HGPS. This silent (G608G) mutation creates a cryptic splice site resulting in a deletion of 150 nucleotides in exon 11. The translated protein, progerin, has a 50 amino acid internal deletion near the C-terminus. HGPS cells are associated with significant nuclear morphological changes in culture. Studies of HGPS patients and progeria transgenic mice have identified a profound loss of vascular smooth muscle cells (VSMCs) in the medial layer of large arteries, such as the aorta and carotid arteries. In this study we investigated whether apoptosis is one of the mechanisms responsible for the VSMC loss seen in progeria. Arterial VSMCs were transfected with wild type LMNA or progerin. Expression of progerin caused nuclear blebbing in both human aortic smooth muscle cells (AoSMCs) and coronary artery smooth muscle cells (CASMCs) similar to that seen in patient fibroblasts. However, preliminary data from transient transfection indicates no significant increased apoptosis as measured by Annexin V staining and no difference in senescent b-gal staining in progerin-transfected CASMCs as compared to wild type LMNA-transfected cells. Thus, the mechanisms for VSMC loss needs further study.

Poster Presentation 
ASCI/AAP Joint Meeting 2009
Inhibition of the mitogen-activated protein kinase-activated protein kinase 2 (MK2) protects against Shiga toxin-induced cytotoxicity
 89
PRESENTER:
Jose Saenz MA
Jinmei Li, BS, Washington University School of Medicine, St. Louis, MO, USA*
David Haslam, MD, Washington University School of Medicine, St. Louis, MO, USA*
Infection with Shiga toxin (STx)-producing bacteria can progress to a toxemic, extraintestinal injury cascade known as hemolytic uremic syndrome (HUS), the leading cause of acute renal failure in children.  Much of the systemic pathology of HUS is a result of STx-mediated damage to microvascular endothelial cells.  Whether toxin-induced damage is a result of direct damage to endothelial cells or an immune-mediated process, however, remains unclear.  Mounting evidence suggests that STx activates stress response pathways in susceptible cells, and the p38 mitogen-activated protein kinase (MAPK) pathway has been implicated.  From a siRNA screen of the human kinome adapted to a high-throughout format, we found that knock-down of the mitogen-activated protein kinase-activated protein kinase 2 (MK2), a downstream target of the p38 MAPK, strongly protected against STx-mediated cytotoxicity.  Further characterization of the in vitro role of MK2 revealed that STx activates MK2 in a p38-dependent manner in HeLa and human microvascular endothelial cells.  MK2 activation was specific to damage to the ribosome by an enzymatically active toxin and not the result of translational inhibition per se.  Chemical inhibition of MK2 blocked STx-mediated activation of the p38-MK2 pathway and partially protected against STx-mediated cytotoxicity.  In addition, MK2 inhibition reduced STx-induced cytokine release in HMVEC, suggesting that MK2 may contribute to the inflammatory response following toxin exposure.  Inhibition of MK2 thus presents a viable therapeutic option in mitigating the toxemic effects of STx-mediated disease.
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Objective:  GB virus C (GBV-C) is a nonpathogenic flavivirus that replicates in CD4 T cells and inhibits HIV replication in vitro by mechanisms including downregulation of HIV entry coreceptors (CCR5 and CXCR4) and induction of chemokines (RANTES, MIP-1alpha, MIP-1beta, and SDF-1).  HIV-infected individuals with GBV-C viremia have prolonged survival and decreased morbidity compared to HIV-infected individuals alone.  Examinations of the mechanisms of inhibition found that expression of GBV-C envelope glycoprotein 2 (E2) in CD4 cells or that incubation of PBMCs with recombinant E2 (rE2) inhibits HIV entry and replication in vitro, although the specific mechanisms are incompletely understood.  To date, the cellular receptor(s) for GBV-C have not been identified.  We utilized GBV-C envelope proteins (E1 and E2) to generate pseudotyped HIV particles (GBV-Cpp) and generated rE2 with the goal of identifying potential GBV-C cellular receptor(s) responsible for E2 binding and particle entry.  
Methods:  293T cells were cotransfected with a replication incompetent HIV plasmid encoding a luciferase reporter (pNL4-3.LUC.R-E-) and a plasmid expressing the E1 and E2 proteins of GBV-C (nt 555-2479; GenBank AF121950).  NCI cell lines for which gene expression profiling results are available were transduced and the relative transduction efficiency of GBV-Cpp compared to non-enveloped control particles was determined using the COMPARE algorithm (http://dtp.nci.nih.gov/compare).  GBV-C rE2 lacking the transmembrane domain was used in binding studies with the NCI cell lines.  Ghost cells expressing CXCR4 and CCR5 were treated with rE2 and transduced with HIVpp to examine the inhibition of HIV entry by GBV-C E2.  Transduction efficiencies were measured by luciferase assay.
Results:  GBV-Cpp contained GBV-C E2 as was demonstrated by IFA and flow cytometry analysis.  Although transduction efficiencies were low, they were consistently and significantly higher than non-enveloped lentiviral particles in numerous cell lines.  GBV-Cpp transduction efficiency was correlated with mRNA expression, and several candidate GBV-C cell surface entry receptors were identified (Pearson correlation coefficient of >0.489).  GBV-Cpp transduction efficiency was similar in primary PBMCs.  GBV-C rE2 binds most highly to non-lymphocyte cell lines and the binding profile does not correlate with GBV-Cpp transduction efficiency profile.  Preliminary experiments indicate that rE2 reduces HIVpp entry in a dose-dependent manner.
Conclusions:  Using GBV-Cpp's, GBV-C rE2 and gene expression correlation analyses, several candidate cell surface entry and binding receptors were identified.  GBV-Cpp transduction efficiencies do not correlate with rE2 binding, suggesting that multiple receptors are required for binding and entry.  Further studies to assess and validate GBV-C E2 interactions with these candidate receptors and explore the rE2 inhibition of HIVpp entry are underway.
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The spread of antibiotic resistance, emerging and re-emerging pathogens, and the social and economic impact of infectious diseases highlight the need for novel antibiotics.  Tuberculosis is a disease that has reemerged, not only because of its association with AIDS, but also because many strains of Mycobacterium tuberculosis have become resistant to current treatments.  Bacillus anthracis has also resurrected itself, though on a different front, due to its ability to cause mass casualties and the relative ease with which multi-drug resistant strains can be developed for use as a biological weapon. Furthermore, virulent strains of Escherichia coli have become an increasing human health issue, especially in newborns and immunocompromised patients due to their high incidence of drug resistance.  Thus, the need for new antibiotics is pressing, and potential, novel drug targets may include the enzymes involved in the metabolism of nutrients. Coenzyme A (CoA) is an acyl carrier and activates carbonyl groups making it a key factor in many metabolic reactions. The five enzymatic steps that synthesize CoA from pantothenate, common to all organisms, have been reported to be essential in Escherichia coli; three of these steps are essential in M. tuberculosis.  Phosphopantetheine adenylyltransferase (PPAT) catalyzes the penultimate step in the pathway, reversibly transferring an adenylyl group from ATP to 4’-phosphopantetheine to form dephospho-coenzyme A. This reaction sits at the branch point between the de novo and salvage pathways and has been shown to be a rate-limiting step in the biosynthesis.  Importantly, the bacterial and mammalian PPAT share little sequence homology making the enzyme a potential target for antibiotic development.  It is hypothesized that inhibiting PPAT will disrupt the CoA biosynthetic pathway and decrease the virulence and replicative potential of a broad range of pathogenic bacteria. Kinetic characterization of the forward and reverse reactions for B. anthracis PPAT and M. tuberculosis PPAT, preliminary X-ray crystallographic data for the apoenzyme structure of B. anthracis PPAT, and initial results from the high-throughput, enzymatic screening of 6,811 small, organic compounds against M. tuberculosis PPAT are presented.

Poster Presentation 
ASCI/AAP Joint Meeting 2009
Viral OTU Domains can Deconjugate both Ubiquitin and ISG15 Conjugates
 92
PRESENTER:
Nadia Vicki Giannakopoulos MD/PhD Student
Nadia V. Giannakopoulos, MD/PhD Student, Washington University School of Medicine, St. Louis, MO
Natalia Frias-Staheli, PhD, Mount Sinai School of Medicine, New York, NY 
Deborah J. Lenschow, MD, PhD, Washington University School of Medicine, St. Louis, MO 
Adolfo Garcia-Sastre, PhD, Mount Sinai School of Medicine, New York, NY
Herbert W. Virgin IV, MD, PhD, Washington University School of Medicine, St. Louis, MO
Type I interferon (IFN) induces an anti-viral state by regulating cellular gene expression. Interferon stimulated gene 15 (ISG15) is an ubiquitin-like molecule that conjugates to target proteins using a series of IFN-induced enzymes. ISG15-deficient mice display increased susceptibility to infection with Sindbis, HSV, γHV68, Influenza A or B, demonstrating that ISG15 is an important anti-viral molecule. As viruses have evolved immune evasion mechanisms to counteract the effects of IFN and IFN-induced anti-viral molecules, it is likely that ISG15 and ISGylation will be targets of multiple immune evasion strategies. The ovarian tumor (OTU) domain is a cysteine protease domain found in both eukaryotic and viral proteins. As OTU domains in A20, cezanne and otubain 1 have deubiquitinating activity, we chose to investigate whether viral OTU domains had deconjugating activity. We hypothesized that viral OTU domains may have acquired deISGylating activity in addition to de-ubiquitinating activity as a strategy to inhibit the anti-viral effects of ISG15.
OTU domains were cloned from Nairoviruses (CCHFV, DUGV) and Arteriviruses (EAV, PPRSV), and co-transfected into 293T cells with either HA-ubiquitin or an ISG15 conjugation system. Co-expression of a viral OTU domain resulted in a disappearance of ubiquitin and ISG15 conjugates. Using deletion mutants from CCHFV, the deconjugating activity was mapped to the OTU domain and confirmed by mutating predicted active site residues and abolishing deconjugation. In vitro deconjugation assays demonstrated that the CCHFV OTU domain could cleave K48 or K63-linked ubiquitin chains and ISG15 conjugates. SUMO-2 or SUMO-3 chains were not deconjugated, suggesting that the CCHFV OTU domain may have specificity for certain UB/UBL family members.
The physiologic importance of viral OTU domains was assessed in transfection assays, an OTU transgenic mouse and by generating a chimeric Sindbis virus. Transfection of CCHFV or EAV OTU domains decreased TNF-α induced NF-κB activation. A transgenic mouse expressing the CCHFV OTU domain displayed increased susceptibility to Sindbis infection. Expression of ISG15 from a chimeric Sindbis virus increases survival of infected Ifnar-/- mice; we hypothesized that OTU-mediated deISGylation should abolish ISG15's anti-viral function. Co-expression of OTU antagonized ISG15's anti-viral function, while expression of OTU catalytic mutant has no effect on ISG15-mediated protection from lethality. The ability of viral proteins to degrade both ubiquitin and ISG15 conjugates could potentially represent a powerful immunomodulatory mechanism which may allow viruses to affect the regulation of numerous cellular pathways.
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Background: Surgical resection of diseased brain tissue has provided favorable outcomes for some patients with refractory epilepsy; however, patients without a discrete focus of seizure activity or with foci in eloquent brain regions have remained difficult to treat.  Inadequate delineation of the normal brain-epileptogenic zone interface has been the major contributor to poor surgical results in these patients, despite advances in multimodality image-guided surgery and brain function testing. We propose the use of our well-characterized and mass-fabricated microelectrode array (MEA) and recording technology as a supplemental diagnostic to provide neurosurgeons with a near real-time (2 Hz) measurement of extracellular glutamate, which is known to be elevated in seizure foci.  Adapting our basic science MEA technology for clinical use requires development of a sterilization protocol and preliminary evaluation of MEA use in a clinical setting. 
Methods:  The human MEA prototype (SG-2, AD-TECH) was used for glutamate measurements in the putamen of awake non-human primates (NHP, n = 3).  To measure extracellular glutamate, MEAs were prepared as previously described (Pomerleau et. al, 2003).  SG-2 probes were sterilized using electron-beam sterilization.  Functional comparisons were made to determine effects of sterilization on MEA glutamate sensitivity.  Real-time amperometric measurements (2 Hz; +0.7 V vs. Ag/AgCl) of glutamate neurotransmission were performed with the FAST-16 mk II electrochemical recording system (Quanteon LLC.) and analyzed as previously described (Day et al., 2006; Quintero et al., 2007).  We used a non-invasive Ag/AgCl reference attached to the skin.  Extracellular glutamate levels were obtained at two depths (2 mm apart) in the putamen, allowing thirty minutes for the MEA to stabilize at each depth.    
Results:  Based on empirical data, a MEA with a sensitivity to glutamate of 1 pA/μM is considered usable.  Of the 34 SG-2 MEAs receiving E-beam sterilization, 23 (68%) maintained a sensitivity of 1 pA/μM or greater.  Of these, the mean sensitivity was 6 pA/μM (SEM ± 0.5) and the limit of glutamate detection was 3.8 μM (SEM ± 1.8).  We measured real-time (2 Hz) glutamate levels in the putamen of awake NHPs (mean ± SEM, depth 1: 15.2 ± 6.7 μM; depth 2: 12.8 ± 2.3 μM). This experimental paradigm highlighted our ability to measure extracellular glutamate in brain regions only 2 mm apart. We also recorded oscillations in extracellular glutamate in real-time.  
Discussion: Our MEA recording technology can precisely measure glutamate in NHPs in a setting very similar to the clinical OR.  We conclude that the SG-2 probes can withstand E-beam sterilization.  In addition to the use as an intraoperative diagnostic for foci identification, our MEA technology could allow for improved studies of epilepsy patients as a valuable resource for understanding glutamate’s role in seizure initiation and tissue recruitment.
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The kidney glomerulus plays an essential role in the initial filtration of plasma to create urine. The specialized epithelial cell of the glomerulus, the podocyte, has a complex cellular architecture that contributes to the kidney filter. We cultured immortalized podocytes in vitro and induced them to growth arrest and differentiate. We evaluated the gene expression changes that occurred during this switch with gene expression microarrays. A Rho-activated Rac GTPase activating protein (RacGAP), Arhgap24 was significantly upregulated when podocytes were differentiated in vitro. In vivo, Arhgap24 was expressed in podocytes at early stages of development. In vitro, Arhgap24 localized to focal adhesion contacts. We are sequencing the ARHGAP24 gene in patients with focal segmental glomerulosclerosis and have identified polymorphisms in families that track with disease. We are developing assays to test the functional significance of these polymorphisms. A recent report showed that Arhgap24 is important for the suppression of lamellipodia formation in response to mechanical stretch. Arhgap24 may therefore protect the podocyte from physiologic glomerular filtration pressure. Conversely, this mechanism may be deficient in various glomerular diseases.
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The National Spinal Cord Injury Database estimates that 11,000 new cases of spinal cord injury (SCI) occur in the United States each year with a prevalence of 253,000 persons. Acute administration of corticosteroids to suppress the body’s inflammatory response is the most widely used medical treatment for SCI. This treatment highlights two important points for researchers: the body’s secondary response is the more debilitating effect of the injury and new therapeutic approaches must focus on treating the chronic form of the injury. Chondroitinase ABC (ChABC) is a bacterial enzyme that has consistently been shown to reduce the secondary damage called glial scar and enhance axonal plasticity. However, the mechanism underlying this repair remains unclear.  Our group has previously demonstrated that ChABC enhances the interaction of the extracellular serine protease, tissue plasminogen activator (tPA) and its downstream target, plasmin, with the extracellular matrix molecules of the glial scar in in vitro and ex vivo models of SCI. We now directly test the contribution of this serine protease to ChABC promoted axonal repair using mice deficient in tPA. Our central hypothesis is that tPA acts downstream of ChABC to promote axonal plasticity after SCI. We find that in SCI homogenates upregulation of tPA occurs at 4hours after a moderate contusion in WT mice and lasts for 14days, a time course that parallels CSPG upregulation. Using an in vitro assay we test the role of tPA in ChABC mediated axonal plasticity. Embryonic day 14 WT and tPA KO primary cortical neurons grown on ex vivo glial scars from mice of the same genotype created zones of inhibition around extracellular CSPG molecules. We use this in vitro assay to measure the axon plasticity induced by ChABC and its attenuation in the absence of the tPA/plasminogen system. Our data, thus far, suggest that after SCI, the tPA/plasminogen system may play an important role in ChABC mediated regeneration. We aim to elucidate the mechanism of function of a promising therapy for SCI, and thereby help develop the best way to generate an environment permissive for regrowth of axons in the injured spinal cord.
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Modern mass spectrometric proteomics typically consists of an instrument capable of carrying out tandem mass spectrometry on a fractionated sample and software that uses the resulting data to identify and perhaps characterize the proteins in the sample.  Tandem mass spectrometry is a technique that measures the mass of a given intact ion, fragments it, and measures the mass of the fragments.  The software will then typically attempt to match the resulting intact and fragment masses to theoretical protein sequences stored in a database.  The greater the accuracy with which the instrument measures the observed masses, the greater the confidence the resulting identifications will have.  Characterization then consists of precisely determining the specific form which the protein was observed in, due to sequence variations, post-translational modifications, and prior proteolysis events.
High-resolution tandem mass spectrometry enables unambiguous identification of proteins by determination of intact and fragment masses at parts-per-million mass accuracy.  This mass accuracy greatly reduces the degeneracy of fragment matches to protein sequences in a database, permitting confident identifications.  However, poor fragmentation or insufficient database coverage may result in a significant intact mass difference, indicating poor characterization of the observed species - that is, unknown or ambiguous sequence elements or post-translational modifications.  We present a novel method for bridging the intact mass difference gap while simultaneously maximizing the number of matching fragments.
Our method ('Refiner') consists of a genetic algorithm which uses the sub-15-ppm mass accuracy of our 12T LTQ-FT Ultra instrument to alter an initial sequence hypothesis (based on database identification or de-novo sequencing results) to minimize the precursor mass difference while maximizing the number of matching fragments.  Regions of insufficient fragmentation are then expanded deterministically to rapidly enumerate the full set of potential explanations for the observed data.  These may then be analyzed by homology-based tools such as MS-BLAST to determine their likelihood and guide further analysis.
Refiner has been successfully tested in both simulations and on real data, consistently converging on correct results, and identifying novel sequence variants in observed proteins.  We continue to develop it, extending its capability to post-translational modifications, permitting for rapid and automated characterization of a eukaryotic proteome.  As human samples contain numerous sequence deviations from 'canonical' genomic translations, ranging from simple sequencing errors to true sequence polymorphisms, coding repeats, tissue-specific alternative splicing patterns, and endogenous proteolysis, automated characterization techniques will enable a significant broadening of our knowledge of true biological variation.
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Epithelial ovarian cancer is the leading cause of gynecological cancer deaths in the U.S.  Despite advancements in treatments, long term survival and disease mortality have remained unchanged. Thus, new treatments are urgently needed. Conditionally replicating adenoviruses (CRAds) are anticancer agents designed to selectively infect and lyse cancer cells. In clinical trials, CRAds have exhibited safety but only limited efficacy. CRAds have therefore been armed with therapeutic transgenes to increase the antitumor efficacy. A potential target for therapeutic transgenes is the tumor microenvironment. Studies have shown that the degradation of the extracellular matrix (ECM) is an essential step in the pathogenesis of ovarian tumor growth, angiogenesis, invasion and metastasis. Matrix metalloproteinases (MMPs) are endogenous proteases capable of degrading a variety of ECM components. Moreover, MMPs are upregulated in numerous human and animal tumors, and thus are a promising therapeutic target. Tissue inhibitors of metalloproteinases (TIMPs) are a family of endogenous inhibitors of MMPs, and have been shown in vivo to limit angiogenesis and tumor growth. We therefore hypothesize that a TIMP-armed CRAd will inhibit the progression of ovarian cancer by two mechanisms. First, viral replication will lead to the lysis of tumor cells. Second, TIMP production from infected cells will inhibit ovarian cancer progression through both MMP-dependent and MMP-independent pathways. 
To validate this hypothesis, we have constructed a panel of CRAds (Ad5/3-CXCR4-TIMP) in which the viral E3B region has been replaced with TIMP-1, -2, or -3 gene to give high levels of expression, late in the infection cycle. Selectivity of replication is conferred by the CXCR4 promoter, which is selective for cancer cells but shows low activity in liver.  Transductional selectivity is conferred by replacement of the Ad5 knob with the Ad3 knob, so that viral infection is mediated by binding to the Ad3 receptor, which is overexpressed on ovarian cancer cells. A panel of control viruses has also been constructed. To evaluate the expression profile of the armed CRAds, SKOV3.ip1 and OV4 ovarian cancer cells were infected with each Ad5/3-CXCR4-TIMP. Cell lysates were collected at several time points postinfection. Quantitative reverse-transcriptase PCR analysis showed that TIMP was expressed as a late gene, at levels similar to the native E3B genes 14.7K and RIDα. Moreover, expression of the TIMP from E3B did not inhibit expression of other E3 genes. Immunoblot analysis indicated that the TIMP-armed viruses are expressing the TIMP protein. More studies are underway to evaluate in vitro the selectivity of replication and oncolytic potency of the armed CRAds. The armed CRAds will then be evaluated in vivo in a murine model of intraperitoneally disseminated ovarian cancer. These studies will elucidate the therapeutic potential of this novel agent for the treatment of ovarian cancer in humans.
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Fast synaptic transmission is mediated by the transient activation of ligand-gated ion channels (LGICs) following release of neurotransmitter from pre-synaptic vesicles.  Increasing evidence suggests that the concentration of neurotransmitter in the synaptic cleft rises extremely rapidly before being cleared by diffusion and reuptake, with post-synaptic LGICs being exposed for a total of, at most, hundreds of microseconds.  Despite the fundamental importance of this process to proper functioning of the nervous system, reproducing the neurotransmitter transient in vitro has not been technically feasible.  Although a variety of methodologies exist for rapidly changing the concentration of neurotransmitter, none has been able to mimic the extremely brief exposure that occurs in synapses.  To achieve synaptically relevant neurotransmitter pulses, we took a microfluidic approach to solution switching.  Drug application devices were fabricated from polydimethylsiloxane (PDMS), an inexpensive, durable, and inert polymer, and rapidly translated with a stepper motor.  This allowed neurotransmitter application durations as brief as 400 μs to be achieved, while substantially increasing experimental throughput, flexibility, reproducibility, and cost effectiveness.  When applied to recombinant GABAA receptors, members of the cys-loop family of LGICs, currents evoked by ultra-brief GABA pulses had decreased peak amplitudes, accelerated deactivation time courses, and less sensitivity to repetitive stimulation compared to those evoked by longer pulses.  The results demonstrate that the shape of synaptic currents can be markedly influenced by the duration of receptor activation.  We thus anticipate that this novel experimental approach will dramatically improve our understanding of the role played by different receptor isoforms, allosteric modulators, and disease-causing mutations in synaptic physiology.
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Background: The recent decrease in the number of breast cancer deaths has largely been attributed to increased awareness, earlier detection, and improved treatment options. However, as the number of breast-conserving surgeries has risen over the years, the need for margins with little or no residual disease has become critical to help reduce the chances of local recurrence. OCT is analogous to ultrasound using light instead of sound waves to reconstruct an image with high micron scale resolution. OCT has previously been demonstrated in an NMU-carcinogen-induced rat mammary tumor model. In addition to surface imaging of breast lesions, the OCT imaging system can be fitted with an optical fiber probe that is incorporated into biopsy needles extending its access.
Material & Methods: A clinical OCT system (λ=1310nm, bandwidth=92nm, power=4.75mW) was developed for the operating theater with an axial resolution of 8.3 µm and a transverse resolution of 35.0 µm. Patients enrolled in this study had primary breast tumors diagnosed by needle-biopsy and in need of surgical resection, as determined by their physicians. At Carle Foundation Hospital, the OCT system was used intraoperatively during breast conserving surgical procedures to image the tissue specimens upon resection. The OCT images were evaluated by a single operator allowing for consistent classification based on the intensity level (scattering profile) and spatial distribution (heterogeneity) of the scattering, and physical extent of the higher scattering area.
Results: A training data set of OCT images from 17 patients was used to establish standard imaging protocols and evaluation criteria of the surgical margins. Of the 20 additional tissue specimen imaged for the feasibility study, 11 were classified as positive or close margins and nine as negative margins under OCT. In comparing to the H&E histology, there were 9 true positives, 9 true negatives, 2 false positives, and 0 false negatives yielding a sensitivity of 82% and specificity of 100%.
Discussion: With an imaging penetration depth of 2-3 mm, equivalent to that used for histological assessment, OCT provides unique real-time cellular-level imaging to identify positive and close margins. In these studies, areas of higher scattering tissue with an irregular or heterogeneous pattern were identified, differentiating them from the abundant adipose tissue found in normal breast tissue. The small nucleus to cytoplasm ratio is observed with low-scattering adipocytes compared with the larger ratio found in highly-scattering tumor cells.
Conclusion: Results from this study indicate that OCT is able to provide real-time feedback that can be used to assess the surgical margin status identifying positive margins. Additional results indicate that the same optical information can be used to perform lymph node assessment, and to guide the placement of needles in biopsy procedures or of localization wires used to guide the surgical excision of tumors.
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Lysophosphatidic acid (LPA), the simplest glycerophospholipid, belongs to a class of extracellular lipid signaling molecules with a broad range of physiologic effects.  LPA may be rapidly produced at sites of inflammation, thrombosis, and vascular injury and has been proposed as a mediator of cardiovascular disease.  LPA exerts its effects by binding a family of G-protein coupled receptors, designated LPA 1 – 8, which regulate cell adhesion, migration, proliferation, and survival.  In the vasculature, LPA may regulate platelet activation and modulate endothelial and smooth muscle cell function.  LPA in blood plasma is predominantly formed by secreted lysophospholipase D enzyme, autotaxin (ATX), which catalyzes the hydrolysis of lysophosphatidylcholine (LPC) to LPA.  Blood plasma contains diverse molecular species of LPA differing in the length, saturation and linkage of their radyl chain and in some cases these LPA species exhibit differential agonist selectivities for distinct LPA receptors.  However, the mechanisms responsible for establishment or regulation of this molecular diversity of LPA species are not known.  ATX is composed of three domains: a phosphodiesterase (PDE) domain and nuclease-like (NUC) domain that are important for catalysis and a somatodmedin B-like (SMB) domain containing an RGD sequence homologous to the integrin-binding sequence of vitronectin.   This suggests the hypothesis that ATX could bind to integrin receptors on activated platelets.  To address this possibility, we performed static adhesion assays of platelets to immobilized purified recombinant ATX.  Resting platelets did not bind to ATX but platelet agonists and MnCl2 promoted robust increases in ATX binding.   Agonist and MnCl2-promoted adhesion could be blocked by the integrin-blocking antibodies 7E3 (anti-β3), 10E5 (anti-αIIbβ3), and LM609 (anti-αVβ3).  However 10E5 blocked adhesion to a lesser extent than 7E3 and LM609 suggesting that αVβ3 is the predominant platelet ATX receptor.   Interestingly, experiments using tandem mass spectrometry revealed that the molecular species of LPA generated by ATX in blood plasma are different from those formed when the enzyme binds to the surface of activated platelets but paralleled agonist promoted increases in platelet LPCs.  These results suggest that compartmentalization of ATX with lysophospholipid substrates at the platelet surface dictates selective production of unique LPA species and raise the possibility that localized production of LPA in the vicinity of cell surface LPA receptors may underlie the ability of ATX to promote localized LPA signaling.
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Background:  Lethal infections in humans caused by group A Streptococcus (GAS) are often associated with spontaneous mutations in the GAS control of virulence (CovR/S) two-component gene regulatory system (TCS) resulting in the derepression of multiple key virulence factors.  We recently discovered that the stand-alone transcriptional regulator catabolite control protein A (CcpA) contributes to invasive GAS disease and influences many genes that are also regulated by the CovR/S TCS.  We hypothesized that CcpA interacts with the CovR/S TCS to impact GAS pathogenesis.
Methods:  GAS isogenic mutant strains were created in which the ccpA, covR, and covS genes were inactivated individually and in all combinations.  An Affymetrix GeneChip® was used for transcriptome analysis.  Strain virulence was compared in a murine necrotizing fasciitis model.  GAS gene transcript levels during infection were determined by TaqMan analysis and in vivo protein levels were studied by immunohistochemistry.  Rates of spontaneous covR/S mutation during murine infection were determined by DNA sequencing.  DNA binding affinities of recombinant GAS proteins were assayed with fluorescence anisotropy.
Results:  Transcriptome analysis identified several genes encoding key GAS virulence factors that were affected by CcpA and CovR/S including genes encoding the cytolysins streptolysin O (SLO) and streptolysin S (SLS) and the cysteine protease streptococcal pyrogenic exotoxin B (SpeB).  Compared to the parental wild-type GAS strain, the ∆covR mutant strain was hypervirulent in mice whereas the virulence of the ∆ccpA and ∆covR::ccpA mutant strains was significantly decreased.  In vivo, the transcript levels of speB and the operon encoding the hyaluronic acid capsule were significantly decreased in the ∆ccpA and ∆covR::ccpA strains compared to the wild-type and the ∆covR strains.  Immunohistochemical analysis of infected tissue confirmed that alterations in speB and slo gene transcript levels between the wild-type, ∆ccpA, ∆covR, and ∆covR::ccpA strains translated into differences in protein levels.  For wild-type GAS, high rates of spontaneous CovR/S mutations were observed for strains isolated from mouse spleens (i.e. disseminated infection site).  However, disseminated infection and spontaneous mutations in the CovR/S TCS occurred at a significantly lower rate for the ∆ccpA strain. CcpA significantly increased the affinity of phosphorylated CovR for the streptolysin S promoter, suggesting a direct interaction between the CcpA and CovR proteins.
Conclusion:  Inactivation of CcpA reduced GAS virulence through interaction with the CovR/S TCS.   The high level of conservation of CcpA and CovR/S in a variety of Gram-positive bacteria suggests that these findings may be applicable to many significant human bacterial pathogens.
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Understanding neural circuits requires the ability to quickly and accurately measure activities of large populations of neurons. Fluorescence microscopy, using calcium and voltage sensitive probes, has allowed for measuring activities of neurons at such high spatial and temporal resolutions. However, conventional fluorescence microscopy has its limitations: 1) Epifluorescence microscopy lacks the optical sectioning needed to image deep into tissue, and 2) Laser scanning microscopes (LSM, confocal and multi-photon) are constrained by their fundamental trade-off between speed of acquisition, number of pixels acquired and the signal-to-noise ratio. These limitations of conventional fluorescence microscopy can be addressed using light sheet microscopy. 
In our implementation of light sheet microscopy – called Objective Coupled Planar Illumination (OCPI) microscopy – we rigidly couple the optics needed to form a light sheet to the objective, illuminating just the focal place of the objective. We then place the objective on a piezo manipulator, such that both light sheet and the objective can be rapidly translated to achieve three dimensional scanning. To permit imaging of extended neural tissues, we tilt the objective (with the coupled laser sheet) from the traditional face-on imaging to an angle of ~ 45 degrees. This minimizes the extent to which both the excitation light and the emitted light travels through the tissue. Using OCPI microscopy on an ex vivo neural tissue preparation, we imaged neuronal activity at pixel rates 100 times faster than LSMs. 
To allow for in vivo murine OCPI imaging, we made two improvements in the microscope design. First, we miniaturized the objective coupler by using a uniaxial gradient-index lens to produce the light sheet. Second, we showed that refractive index mismatch between immersion fluid and tissue leads to significant defocus aberration.  By introducing the ability to tune the angle of the light sheet to correct this aberration, we obtained cellular resolution at depths of 75 – 125 µm (depending on tissue) in a neuronal slice.  
As a proof of principle for OCPI microscope's ability for in vivo imaging, we imaged GAD65-GFP labeled olfactory bulb in an anesthetized mouse. We opened a cranial window of size ~2 x 4 mm over the olfactory bulb. A custom mount was placed over the cranial window to permit the immersion of the GRIN lens and the objective in immersion fluid. We obtained the first in vivo images using an OCPI microscope, clearly showing multiple cell bodies at various depths. Thus we demonstrate that the enhanced OCPI microscope can be used to image neuronal populations in an in vivo anesthetized mice preparations at pixel rates at least 100 times faster than LSMs.
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Background: Chronic P. aeruginosa (PA) pulmonary infection is the most significant cause of morbidity and mortality in individuals with cystic fibrosis (CF).  PA is a highly adaptable pathogen that successfully evades the CF host immune response, causing significant collateral airway damage through recruitment and activation of neutrophils(PMNs).  IL-23 and IL-17 constitute a pro-inflammatory axis that is critical to PMN recruitment during infection; however, other than in the context of IL-17, the role of IL-23 in the response to infection has not been well studied.  We wondered if IL-23 had a significant inflammatory role on its own or in the context of other cytokines important to PMN recruitment.
Objectives:  Define the IL-17-independent role of IL-23 in the acute host inflammatory response to PA pulmonary infection.  Determine if IL-23 acts independently or additively/synergistically with IL-1β in effecting this response.   Design/Methods:   PA was intratracheally instilled (IT) into WT and IL-23-deficient mice which were sacrificed at 3 hours, a time point prior to the measurable production of IL-17. Inflammatory cell counts and cytokines/chemokines were measured in BAL fluid and bacterial load in lung homogenate. To determine the roles of IL-23 and IL-1B in the elicitation of a neutrophil response, recombinant murine IL-23, IL-1β and IL-23 + IL-1β were also instilled into WT and IL-23-deficient mice and BAL inflammatory cell counts and cytokines/chemokines were measured at 3 hours.  Single cell suspension of lung was also exposed to the recombinant cytokines in vitro to confirm these in vivo results. 
Results: In the PA infection model, IL-23 deficient mice had significantly lower percent neutrophils (p<0.02) and MIP1a, KC, and IL-6 (p<0.001) compared to WT mice.   IL-17 was undetectable and bacterial load was not significantly different between groups to explain the differences in neutrophil and cytokine/chemokine levels.  While IT instillation of IL-23 did not result in an inflammatory response, the IT administration of IL-23 + IL-1β elicited neutrophil recruitment and cytokine/chemokine induction in excess of that of IL-23 alone and IL-1β alone (p<0.01).  These results suggest that IL-23 and IL-1β act synergistically; however, this apparent synergy could be due to IL-1βs ability to permeabilize the airway epithelium, allowing IL-23 to act.  However, in vitro studies confirm that IL-23 and IL-1β act synergistically. Statistical analysis for all studies was completed with t test or ANOVA as appropriate.  
Conclusion: In addition to its role in the IL-23/IL-17 proinflammatory axis, IL-23 is critically important to neutrophil recruitment in PA infection through its synergistic actions with IL-1β, acting in an IL-17-independent manner.  These findings have not been published before and highlight the critical role that IL-23 plays as a master regulator in both the innate and adaptive immune response to PA pulmonary infection.
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Introduction
Organ printing using inkjet technology is evolving into a viable method to fabricate tissue constructs. However, the current cell printing technology is limited to the use of hydrogels as the primary scaffolds. To be able to expand the utility of inkjet printing technology for tissue engineering, development of a system that generates durable tissue constructs is necessary. This study investigates whether a hybrid printing system consisting of electrospinning and cell contained gel could serve as a solution for generating durable tissue constructs with improved mechanical properties.
Materials and Methods
A hybrid printing system was developed by incorporating an electrospraying device into the inkjet bioprinter. To demonstrate the concept of the hybrid system, rabbit chondrocytes were printed on a polycaprolactone (PCL) substrate which was spun using the hybrid apparatus. A voltage on the bottom of a petri dish caused the PCL-acetone solution to spin directly into culture medium. Chondrocytes were suspended in a fibrin/collagen gel and printed on the electrospun PCL layer. By alternately applying electrospinning and inkjet printing, a 3D cartilage construct was generated. Morphology, cell viability, and mechanical properties of the printed construct were evaluated.  Cartilage ECM production was evaluated after 4 wks culture in vitro and 8 wks of implantation in athymic mice.
Results and Discussion
After hybrid printing, a 3D cartilage mat was fabricated. Analysis of SEM demonstrated the presence of layered structures within the construct. Attachment of viable chondrocytes to the matrix was confirmed in the constructs. Mechanical testing demonstrated that the fabricated scaffolds were able to withstand a greater tensile stress and showed increased flexibility when compared to constructs printed with alginate gel scaffolds. Histological analysis showed that printed chondrocytes maintained their phenotypic characteristics and formed cartilage tissue 4 weeks after culture and 8 weeks post-implantation in vivo.
Conclusions 
This study demonstrates the feasibility of generating structured cartilage constructs using a combination of electrospinning and inkjet printing. The printed and electrospun hybrid scaffolds possess enhanced mechanical properties over hydrogel. The printed cells within these matrices are able to maintain their viability and produce cartilage-specific ECM both in vitro and in vivo. The hybrid printing system may serve as a solution for generating durable tissue constructs for expanded tissue and organ applications.
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Background: Vascular inflammation due to physical injury induces the expression of endothelial cell surface adhesion molecules, e.g. the glycoprotein CD 44. CD 44 has many properties that make it attractive as a binding site for targeted anti-inflammatory drug delivery. Immuno-niosomes, antibody functionalized self-assembling vesicles, can encapsulate therapeutic agents for precise delivery via multiple routes. In this study the anti-atherogenic potential of atorvastatin-loaded immuno-niosomes conjugated with antibodies specific to the CD 44 receptor was examined in an apolipoprotein E knockout (apoE -/-) mouse model of atherosclerosis.
Methods:  Immuno-niosomes were manufactured by rehydrating thin films made from a combination of cholesterol, Span 60, dicetyl phosphate and cyanuric chloride functionalized Tween 61. Two concentrations of atorvastatin were encapsulated:  0.15 mg/ml (0.5 mg/kg body weight) and 0.03 mg/ml (0.1 mg/kg body weight). The bulk solutions were extruded across 200nm membranes to obtain vesicles of uniform size. The extruded vesicles were separated from the free drug by gel exclusion chromatography using sephadex G-50 media and eluted with 0.01M PBS. Vesicle size distribution was determined using noninvasive dynamic light scattering methodology confirming a mean hydrodynamic diameter of 224 ± 105 nm. ApoE -/- mice were fed a Western-type high fat diet for 23 weeks. At week 20, baseline plasma was collected prior to treatment administration. Four treatment groups were studied: atorvastatin-loaded immuno-niosomes, unconjugated niosomes, atorvastatin and PBS. All treatments were injected intravenously, twice weekly for four weeks before the animals were sacrificed. Plasma was analyzed for total, HDL, LDL cholesterol and triglyceride levels. Cross-sections of the aorta were stained with oil red O for lipid content and hematoxylin and eosin for histomorphology. The weighted percent average of lipid/plaque area was calculated for each aortic section.
Results: Plasma lipid concentrations did not significantly differ among the treatment groups. The PBS control demonstrated a mean plaque area of 40.3 ± 14.5%. Atorvastatin reduced the plaque area to 34.3 ± 9.7% (P<0.05), while atorvastatin-loaded immuno-niosomes reduced the plaque area to 34.4 ± 6.9% (P<0.01). Unconjugated niosomes had no effect on the plaque area: 36.1 ± 10.0% (P=N.S.)
Conclusions: In advanced atherosclerosis, atorvastatin reduced plaque area. Similar magnitude of plaque area reduction was observed with atorvastatin-loaded immuno-niosomes targeted to vascular inflammation. These preliminary results support the therapeutic potential of targeted anti-inflammatory therapy in atherosclerosis.
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Peroxisome proliferator- activated receptor-α (PPARα), a member of the nuclear receptor subfamily, transcriptionally regulates the expression of genes involved in lipid and energy metabolism.  Chronic activation of PPARα and its downstream targets by natural or synthetic ligands leads to the development of hepatocellular carcinoma in rodents.  Transcriptional activation by PPARα and other nuclear receptors involves the recruitment and formation of multisubunit protein complexes to possibly achieve gene and cell specific regulation. The functions of many of the proteins, particularly those of high molecular weight proteins, involved in the formation and signaling of these large protein complexes are not well understood.  Identification and characterization of the proteins in these complexes will make it possible to better understand mechanisms of nuclear signaling, gene transcription, and tissue specificity. In order to identify and characterize proteins that have a role in PPARα transcriptional activation, we used ciprofibrate, a synthetic PPARα ligand, to pull down binding proteins.  Subsequent mass spectrometric analysis identifed the putative coactivator proteins PRIC295, PRIC285, and PRIC320.  In this study, we show that PRIC295 interacts with nuclear receptors PPARα, PPARγ, RXRα, CAR, TRα, and ERα.  PRIC295 is also highly conserved between several vertebrate organisms, including humans and mice.  Our data show that it is highly expressed in many tissues in humans and mice, as well as during embryonic development of the mouse.  Given the high degree of conservation, widespread expression, and ability to interact with many different nuclear receptor proteins, it is possible that PRIC295 may play an important role in mediating transcription of target genes of nuclear receptors.
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Neural stem cells and neurogenesis persist throughout adulthood in the mammalian forebrain subventricular zone and hippocampal dentate gyrus (DG).  The main prinicipal neurons of the DG, dentate granule cells (DGCs), are generated continuously throughout life, integrate into pre-existing networks, and are thought to contribute to the plasticity underlying certain forms of learning and memory. Status epilepticus (SE) in adult rodents, a model of human mesial temporal lobe epilepsy (mTLE), induces hippocampal injury, remodeling and the development of epilepsy (epileptogenesis). SE also stimulates DGC neurogenesis. The hippocampus in experimental and human mTLE shows specific pathology including pyramidal cell loss, astrogliosis, and DG hilar cell loss, as well as 3 conspicuous DGC abnormalities: 1) the remodeling of DGC axons, known as mossy fiber sprouting (MFS); 2) the abnormal persistence of hilar basal dendrites (HBDs), and 3) the appearance of DGCs in ectopic locations. At the onset of epileptogenic injury in the adult, DGCs exist in different stages of maturation; however, how developmental stage (mature vs. immature vs. yet to be born) influences the response of DGCs to SE-induced injury is unclear. 
To gain insight into the impact of SE on DGC neurogenesis and seizure-induced plasticity, we injected a retroviral reporter into adult rat DG at different times before or after SE to label dividing DGC progenitors.  We also used fractioned low-dose X-irradiation to suppress neurogenesis before or after SE. These combined strategies were used to test the hypothesis that different forms of epileptic plasticity arise selectively from DGCs of specific developmental stages, ranging from precursors to fully mature neurons. 
We found that DGCS that are mature at the time of SE remain normal and do not contribute to seizure-induced plasticity. DGCs still differentiation (3-5 wks old) at the time of SE, in contrast, exhibit aberrant MFS and HBDs, but very rarely migrate ectopically. Lastly, DGCs generated after SE form HBDs and migrate ectopically in the post-SE environment, but do not contribute to aberrant MFS. These maturation-dependent differences in injury response suggest potential mechanisms to target for anti-epileptogenic therapies.
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Parathyroid hormone (PTH) is a major regulator of bone remodeling.  PTH can increase both bone resorption and formation by acting on osteoblasts (OBs) to stimulate OB differentiation into mature bone-forming cells and to increase OB expression of receptor activator for nuclear factor κB ligand (RANKL), which is essential for the formation and activity of osteoclasts (OCs).   Intermittent treatment with PTH increases formation more than resorption and is used clinically to treat osteoporosis.  PTH also induces prostaglandin (PG) E2 synthesis in OBs via the induction of cyclooxygenase-2 (COX-2). Similar to PTH, PGE2 can increase both resorption and formation and is thought to have its major actions via cAMP-mediated pathways.  We hypothesize that local production of PGE2 by OBs contributes to the differential effects of PTH on bone resorption and formation that lead to a net anabolic effect in vivo.   We used murine primary calvarial osteoblastic (POB) cultures to study the regulation of OB differentiation and RANKL expression and murine marrow cultures to study the regulation of OC formation.  OB differentiation was measured by alkaline phosphatase mRNA expression and alizarin red staining for mineralization.  In the presence of the COX-2 selective inhibitor, NS-398, which inhibits PGE2 production in these cultures, PTH stimulated as much or more OB differentiation as in cultures without NS-398, indicating that the PTH stimulation of OB differentiation is not dependent on PGE2 production.  In POB cultures treated with submaximal doses of PTH (1 to 10 nM) and PGE2 (10 to 100 nM), there was no increased effect of the combination of PTH and PGE2 treatment relative to the treatments alone, despite increased effects of the combination on cAMP release.  These results suggest that the osteogenic effects of PTH and PGE2 are not simply the result of increased cAMP.  Both PTH and PGE2 increased RANKL mRNA, with and without NS-398, but effects of the combination were greater than effects of the individual treatments.  In bone marrow cultures, both PTH and PGE2 stimulated the formation of OCs.  Effects of PTH were reduced in the presence of NS-398, indicating that the PTH stimulation of OC formation is likely increased by endogenous PGE2.  The combination of PTH and PGE2 was also more effective than the individual treatments in stimulating OC formation.  Our data suggest that the PTH induction of local PGE2 production in OBs will increase bone resorption more than formation.  Thus, pharmacological inhibition of PGE2 might decrease the resorptive actions of PTH, while not affecting the osteogenic actions, and thus increase the net anabolic effect of PTH.
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Microtubule inhibitors (MTI), such as vinca alkaloids and taxanes, are widely used in cancer chemotherapy, and are frontline therapy for certain tumor types.  Resistance and side effects remain major problems, and, despite their use for more than 50 years, the molecular mechanisms governing apoptosis by MTIs are poorly understood.  One of the most striking and unique features of MTIs is that they promote phosphorylation of the anti-apoptotic protein and key determinants of chemotherapy resistance, Bcl-xL and Bcl-2.  Identification of the Bcl-xL kinase, however, has been controversial.  To identify the responsible kinase, a peptide termed FL62 (HLADSPAVN) harboring the in vivo Ser62 phosphorylation site in Bcl-xL was tested as a substrate.  FL62 kinase activity from extracts of vinblastine-treated KB-3 cells was 15-fold higher than from untreated cells, tightly paralleled the extent of mitotic arrest, and exhibited properties consistent with CDK1/cyclin B.  To investigate the role of CDK1, synchronized KB-3 cells were treated with vehicle or vinblastine and harvested at defined time-points thereafter.  In the absence of vinblastine, Bcl-xL was partially and transiently phosphorylated during normal mitotic progression.  The kinetics paralleled CDK1/cyclin B activation, and mitotic phosphorylation was sensitive to inhibition by three validated CDK inhibitors roscovitine, purvalanol A, or RO3306.  When added to cultures of vinblastine-treated synchronized cells during mitotic arrest and under conditions which precluded mitotic slippage, the CDK inhibitors inhibited the extensive increase in Bcl-xL phosphorylation.  Further, recombinant active CDK1 directly phosphorylated full-length Bcl-xL in vitro at the physiologically relevant site, Ser62.  Cell survival studies revealed that CDK1 inhibition during MTI induced mitotic arrest antagonized early apoptotic mechanisms including Bax activity and cytochrome c release, and increased cell survival.  These results suggest a model whereby CDK1 acts normally during mitosis to induce transient phosphorylation of a subpopulation of Bcl-xL molecules, whereas sustained CDK1 activation after MTI treatment causes all Bcl-xL molecules become phosphorylated.  This suggests a critical threshold is breached which inactivates Bcl-xL anti-apoptotic function and primes the cells for apoptosis.  CDK1 mediated phosphorylation of Bcl-xL is attractive as a functional link between mitotic arrest and apoptosis.  These data also provide a foundation for clinical studies of Bcl-xL phosphorylation as a marker for MTI efficacy and side effects.  Studies are underway to analyze both Bcl-xL phosphorylation, and CDK1 phosphorylation of FL62 in peripheral blood lymphocytes isolated from patients who have metastatic breast cancer and who are treated with taxanes, key chemotherapeutics for this group of patients.
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Interleukin-1β (IL-1β) is a potent pro-inflammatory cytokine, which initiates a cascade of events that are crucial to innate immunity including recruitment of phagocytic cells, induction of fever, and activation of numerous additional inflammatory cytokines.  Dysregulation of IL-1βhas been implicated in numerous diseases including autoinflammatory disorders, sepsis, and cancer. Generation of mature IL-1βis regulated at multiple levels including transcriptional regulation and post-translational processing of the precursor by caspase-1.  Activation of caspase-1 occurs upon the assembly of multi-protein complexes known as inflammasomes.  Apoptosis associated speck-like protein containing a caspase recruitment domain (ASC) is a key adaptor protein, which is essential for the recruitment of caspase-1 into inflammasomes.  Studies involving gene ablation of ASC have consistently demonstrated a significant impairment in caspase-1 activation and IL-1β secretion.  Structurally, ASC consists of an N-terminal PYRIN domain (PYD) and a C-terminal caspase recruitment domain (CARD).  Inflammasome formation is initiated upon the recognition of a danger associated molecular pattern (DAMP) by a specific cytosolic Nod-like receptor (NLR), which then recruits ASC via PYD-PYD interaction.  ASC subsequently recruits pro-caspase-1 molecules via CARD-CARD interaction resulting in activation of caspase-1 by the induced proximity mechanism.  Previous overexpression studies with ASC suggested multiple subcellular localization patterns including diffuse nuclear and cytosolic localization in addition to the formation of distinct perinuclear aggregates, termed ‘specks’.  Furthermore, other key inflammasome proteins were found to be recruited into these structures when co-expressed with ASC.  However, distribution of endogenous ASC has not been thoroughly examined.  In the current study, we used laser scanning confocal microscopy and subcellular fractionation to demonstrate that endogenous ASC localized primarily to the nucleus in resting human macrophages.  Upon pathogenic stimulation, ASC rapidly redistributed to the cytosol, and subsequently formed a characteristic perinuclear aggregate.  These aggregates formed within one hour of stimulation and were found to incorporate other key inflammasome proteins including NLRP3 and caspase-1.  Additionally, removal of the pathogenic stimulus resulted in a loss of the perinuclear aggregates and a return to a diffuse cytosolic and nuclear distribution.  Sequestering ASC to the nucleus impaired formation of the inflammasome and abolished caspase-1 activation, as measured by IL-1β secretion.  We show for the first time that the redistribution of ASC from the nucleus to the cytosol represents a novel and essential mechanism that regulates inflammasome assembly and activation.
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Bone marrow (BM)-derived vascular progenitor cells are believed to play a critical role in ischemic neovascularization, and may have considerable therapeutic potential as cell-based vectors for the repair of vascular injury. However, the specific lineage of these cells, termed endothelial progenitor cells (EPCs), remains unclear. Early clinical trials using BM-derived stem cells have yielded discordant results, suggesting the need for further characterization. Several hematopoietic stem cell (HSC) and mesenchymal stem cell (MSC) populations have been postulated as distinct candidate sources, associated with specific surface marker profiles. Yet overlap among definitions, as well as considerable heterogeneity intrinsic to these populations, has complicated their evaluation. A thorough characterization would ideally include a detailed assessment of heterogeneity and its functional implications. However, accurately gauging heterogeneity within a specific population requires information about the gene expression of individual cells. This precludes traditional population-based analyses, which pool transcriptional data and cannot detect differential expression among cells. 
We have developed a novel characterization method based on microfluidic large-scale integration technology (mLSI), which allows high-throughput single cell gene expression analysis for 48 gene targets with real-time qPCR to determine absolute mRNA copy number. This provides quantitative gene expression profiles for individual cells. Multi-layered Bayesian inference is then applied to estimate the probability that all cells in our assay originate from the same larger distribution, providing a standardized metric for comparison of population heterogeneity. A variant of fuzzy c-means clustering, optimized with Akaike Information Criterion (AIC), is used to further characterize specific stem cell populations and assess their vasculogenic potential, as well as detect discrete sub-populations with characteristic marker profiles.
This technique was applied to study a well-characterized HSC population (cKit+/Lin-/Sca-1+ [KLS cells]) and a less well-characterized candidate MSC population (CD45-/Lin-/Sca-1+) isolated from murine BM, using a representative panel of known progenitor and stem cell associated genes. We also employed cells from a murine model of diabetes, where alterations in vascular progenitor cells have been suggested in human and animal systems. As expected, we observed considerably greater heterogeneity in this MSC population than among KLS cells. Interestingly, MSCs from diabetic mice exhibited much more heterogeneity than their wild-type counterparts. These cells also demonstrated reduced expression of several important stem cell genes, as well as deletion of entire sub-populations of progenitors. These results suggest that derangements in specific progenitor sub-populations may underlie impairments in diabetic stem cells and contribute to impaired neovascularization.
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Introduction: Hypersensitivity pneumonitis represents a group of related inflammatory interstitial lung diseases caused by repeated inhalation of a wide variety of aerosolized antigens such as bacteria, fungi and small molecular weight compounds resulting in diffuse mononuclear infiltrates located near the bronchovascular bundle that contain large numbers of CD4+, CD8+ and γδ T lymphocytes.  Pulmonary fibrosis develops in up to 41% of patients with hypersensitivity pneumonitis and is an independent predictor of mortality. We developed a murine model of hypersensitivity pneumonitis to investigate the role of specific T cell subsets in the development of hypersensitivity pneumonitis and pulmonary fibrosis. In this model, C57BL/6 mice repeatedly exposed to the microorganism, Bacillus subtilis, develop large expansions of CD4+, CD8+ and γδ T cells in the lung and pulmonary fibrosis.  In the absence of γδ T cells that express the Vγ6/Vδ1+ TCR, CD4+ and CD8+ T cells are further expanded and pulmonary fibrosis is accelerated suggesting that CD4+ and/or CD8+ T lymphocytes promote while γδ T cells protect against the development of pulmonary fibrosis.
Methods: All mice are treated with B. subtilis for 3 consecutive days each week for 4 consecutive weeks by nasal inhalation.
Findings: Mice transgenic for Vγ6/Vδ1+ T cells have a 3-fold increase in Vγ6/Vδ1+ T cells with a 2-fold decrease in collagen content in the lung compared to wt C57BL/6 mice treated with B. subtilis. In the absence of Vγ6/Vδ1 γδ T cells, TCRδ-/- mice have accelerated collagen deposition in the lung compared to wt C57BL/6 mice (1.2-fold) suggesting γδ T cells protect against B. subtilis-induced lung fibrosis. As opposed to Th1 and Th2 cytokines, we found the Th17 cytokines including IL-17A, IL-17F and IL-22 in the lung of mice treated with B. subtilis which are differentially expressed by Vγ6/Vδ1+ T cells. In the absence of IL-17 receptor signaling, IL-17ra-/- mice exposed to B. subtilis have larger mononuclear peribronchovascular infiltrates that contain increased numbers of CD4+, CD8+ and γδ T cells and macrophages, decreased numbers of neutrophils and accelerated lung fibrosis due to inefficient clearance of B. subtilis. B. subtilis persists up to 30 hours in the lung of IL-17ra-/- mice compared to 4 hours in C57BL/6 mice. In the absence of IL-22, AHR-/- mice also have accelerated lung fibrosis but similar levels of inflammation and microbial clearance as wt C57BL/6 mice. 
Conclusions: These data suggest IL-17A expressing Vγ6/Vδ1+ T cells promote clearance of B. subtilis from the lung while IL-17F and IL-22 most likely protect against B. subtilis-induced mucosal injury.  Together, these Th17 cytokines expressed by Vγ6/Vδ1+ T cells protect against the development of lung fibrosis.
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Hippocampal Injury and Functional Memory Deficit Following TMEV Enterovirus Infection
Enterovirus infection is a socioeconomically important cause of morbidity and mortality in the developing world.  Enteroviruses, and other members of the picoravirus family, maintain significant neurovirulent potential.  Hippocampal injury, with consequent learning and memory deficits, is a probable sequela of neurovirulence.  We examined the pathological and functional consequences of acute central nervous system enterovirus infection using the Theiler’s murine encephalomyelitis virus (TMEV) model system.  TMEV-infected C57Bl/6 strain mice demonstrated significant hippocampal injury at four days post-infection (dpi), with apoptotic loss of both TMEV-infected and bystander, uninfected, CA1 pyramidal neurons.  In contrast, infected SJL strain and C57Bl/6xSJL F1 animals displayed minimal hippocampal pathology over a similar, acute time course.  Functional, scent-based novel object recognition memory testing mirrored pathological findings.  TMEV-infected C57Bl/6 animals had impaired novel object recognition memory while TMEV-infected SJL animals maintained recognition memory function.  Adoptive transfer of activated C57Bl/6 neutrophils into SJL animals generated hippocampal injury and abolished recognition memory function, thereby implicating activated neutrophils as sufficient to induce pathology and cognitive dysfunction.  Immune-mediated, CA1 hippocampal injury with corresponding functional deficit is thus an important aspect of enterovirus neurovirulence.  This finding suggests that enterovirus infections of the human CNS might result in accumulative hippocampal injury over time leading to clinical cognitive and memory deficits.
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The small heat shock protein alphaB-crystallin is induced by multiple cellular stressors and confers a cytoprotective effect by suppressing aggregation of denatured proteins, inhibiting apoptosis and acting as an antioxidant.  AlphaB-crystallin is constitutively expressed in several aggressive tumor types, including breast cancer, malignant gliomas, and head and neck carcinomas.  We sought to investigate the mechanisms of deregulated alphaB-crystallin expression in tumor cells.  A bioinformatics search of the proximal promoter of alphaB-crystallin for DNA binding motifs identified a putative response element (RE) for the p53 tumor suppressor protein.  Gene reporter assays demonstrated that wild-type p53 transactivates the alphaB-crystallin promoter, and this transactivation is abrogated by mutation of the putative p53RE.  We also observed that ectopic expression of wild-type p53, but not a DNA binding mutant, increases alphaB-crystallin mRNA and protein levels.  Additionally, silencing p53 abrogates alphaB-crystallin induction by genotoxic stress.  However, the induction of alphaB-crystallin by p53 is delayed compared to that of the well-characterized p53 target gene CDKN1A (p21), and chromatin immunoprecipitation (ChIP) failed to demonstrate p53 binding to the alphaB-crystallin promoter.  These results led us to hypothesize that p53 might be acting indirectly or in conjunction with p53 family members (p63 or p73), which also bind to p53REs to regulate gene expression.  Consistent with this idea, the deltaNp73 isoform is dramatically induced by p53 and silencing p73 suppresses the transcriptional activation of alphaB-crystallin following p53 expression.  Moreover, ectopic expression of the deltaNp73alpha isoform (but not other p73 isoforms) increased alphaB-crystallin mRNA levels.  We are currently examining whether deltaNp73 binds to the alphaB-crystallin promoter by ChIP analysis.  Our data strongly suggest that deltaNp73alpha, alone and with wild-type p53, can transactivate genes, a new function for deltaNp73alpha, which was previously thought to act only as a dominant negative inhibitor of p53 and p73.  This mechanism may have important therapeutic implications because deltaNp73 is commonly co-expressed with wild-type p53 in breast and other cancers and inhibits p53-dependent apoptosis.  Collectively, our results link the molecular chaperone alphaB-crystallin to the cellular response to genotoxic stress via a novel mechanism of transcriptional regulation by p53 and deltaNp73alpha.
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Purpose: Considerable evidence supports the role of oxidative stress-induced cell damage and lipid peroxidation in the pathogenesis of significant retinal degenerative disease processes, such as age-related macular degeneration. We previously demonstrated that N-Acetylcysteine amide (NACA), a novel antioxidant, protects human retinal pigment epithelium (hRPE) against oxidative cell death. We investigated whether NACA could alter levels of lipid peroxidation, induce a major cell antioxidant enzyme, and prevent cell injury in RPE exposed to oxidative stress.
Methods: ARPE-19 cells were incubated in tert-butylhydroperoxide (tBHP) to induce oxidative stress. Cells were pre-incubated in NACA (or media control) for 24 hours, washed, then incubated in tBHP for 4 hours. We measured levels of reactive oxygen species (ROS), glutathione peroxidase, and catalase enzyme activity using direct assays. We measured levels of lipid peroxidation using reversed-phase HPLC to determine malondialdehyde (MDA) levels. Transepithelial electrical resistance (TEER) reflects cellular integrity and overall cell health and was measured as a functional end point. NACA was also evaluated in vivo using rd10/rd10 mice. P23 electroretinograms were performed to assess functional status of photoreceptors. Quantitative evaluation was achieved by measurement of the outer nuclear layer thickness. All p-values were calculated using Student’s t-test.
Results: tBHP-induced RPE lipid peroxidation, as demonstrated by MDA production, was completely inhibited by NACA pre-incubation (p<0.0001). NACA pre-treatment significantly enhanced activity of the critical cell detoxification enzyme glutathione peroxidase (p<0.0001) while protecting hRPE cells from tBHP-induced ROS production thus restoring catalase concentrations to unstressed control levels (p<0.001). Functional deterioration of cell monolayer health due to tBHP exposure and oxidative stress, as measured by TEER, was also inhibited by NACA pre-treatment (p<0.0001). Mouse testing has demonstrated excellent tolerance with the highest concentrations tested (550mg/kg/day) along with prevention of outer nuclear layer cell death and maintenance of ERG response. 
Conclusions: We have demonstrated NACA’s extraordinary protection of human RPE against oxidative cell damage by inhibiting lipid peroxidation, scavenging ROS, and increasing intracellular antioxidative potential in vitro. These results combined with NACA’s excellent systemic tolerance in rodents, suggest that this compound may be a critical agent to delay or prevent retinal degenerative disease states.
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Many bone diseases, including osteoporosis, arise due to increased osteoclast activity, resulting in increased bone resorption relative to bone formation.  Thus, most therapies for these bone diseases target the osteoclast.  However, these therapies (including bisphonsphonates) inhibit both hyperactive, pathological resorption as well as physiological resorption, and thus may compromise bone strength over time.  We report a pathway novel to the osteoclast involving PIKE-A, Fyn, and Cdk5 that affects the cytoskeleton and survival.  Loss of this pathway ameliorates pathological resorption in mice exposed to excess RANKL (the main osteoclast-stimulating cytokine) but has no effect under physiological conditions, making it an attractive target for osteoporotic bone diseases.  PIKE-A (PI3-kinase enhancer) is expressed in many tissues but has been characterized only in the brain, where its over-expression provokes cancer cell survival and invasion.  In the brain, PIKE-A is thought to enhance the activity of Akt, a kinase that promotes cell survival and blocks apoptosis by phosphorylating a large number of proteins.  Fyn is a src family kinase important in adhesion-mediated signaling in T-cells, and is known to both activate cdk5 and stabilize PIKE-A in fibroblasts.  Cdk5 (cyclin dependent kinase 5) is mostly characterized in the brain, where it regulates motility, apoptosis, and proliferation, and also activates PIKE-A.  In the osteoclast, we find that PIKE-A, Fyn, and Cdk5 have similar functions of promoting survival and differentiation.
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The spatial memory is a type of memory responsible for a tourist wandering around a town and for mouse finding submerged platform in the water maze test. Identification of brain regions associated with spatial learning is particularly important for better understanding of the neural mechanisms involved in explicit memory formation. 
In the present study, a novel signaling pathways has been established that could be involved in spatial memory formation in mammals. CA3 region of hippocampus is directly activated during spatial orientation in mammals. We found that a novel serotonin receptor 7 (5-HT7R) shows striking expression in pyramidal neurons in CA3 hippocampal region.  5-HT7R-mediated signaling is integral to regulation of learning and memory in mammals.  Interestingly, we found that 5-HT7R induces neurite outgrowth in dissociated hippocampal neurons.  These studies showed that 5-HT7R couples to alpha-subunits of heterotrimeric G proteins, Gs and G12.  5-HT7R can activate adenylate cyclase (AC) and increase intracellular levels of cAMP.  LIMK1 activation leads to increase in actin filament stability and promotion of neurite outgrowth.  Interestingly, LIMK1 haplo-insufficiency and especially complete absence of LIMK1 lead to miswiring of neuronal networks and inability of mouse to learn spatial tasks.  To further explore importance of LIMK1 in 5-HT7R expressing CA3 neurons, we will investigate morphology of CA3 hippocampal neurons that express 5-HT7R in wild type, LIMK1 +/- and LIMK1 -/- mice.  
These results demonstrate that 5-HT7R - Gs/G12 - AC - PKA - LIMK1 signaling could be important signaling pathway that regulates morphology of CA3 hippocampal neurons during formation of spatial memory in mouse.
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Hyperpolarization of hilar neurons triggers homeostatic potentiation of excitatory feedback inputs.
The dentate gyrus of the hippocampus is an important brain region for the acquisition of new memories.  The dentate gyrus consists of principal granule cells and an underlying hilar region that receives inputs from both dentate granule cells and CA3 neurons and sends projections throughout the long axis of the hippocampus.  This location places hilar neurons in a unique position to modulate the processing of novel stimuli encoded by granule cells (via a forward projection) in the context of recalled memories stored in CA3 networks (via a feedback projection).   As such, plasticity of CA3 synapses onto these neurons may adjust which patterns recalled in one dentate gyrus lamella are transmitted to other lamellae.  Hilar neurons exhibit uncommonly large and frequent spontaneous excitatory inputs whose origin could be either feedforward or feedback inputs.  We found that inputs from CA3 can be differentiated from granule cell inputs by their insensitivity to the metabotropic glutamate receptor agonist DCG IV.  We then used whole cell patch clamp recordings of hilar neurons in acute hippocampal slices of  juvenile rat to assess various plasticity mechanisms of CA3 pyramidal neuron inputs to these neurons.  We found that feedback inputs from CA3 can be potentiated by hyperpolarization of the target neuron from-70 mV to -90 mV for 10 minutes and that this potentiation lasts the duration of the experiment (up to 40 min; n = 6; 149±7% of control, p < 0.01).  Paired pulse ratios at 60 ms interstimulus interval were not decreased by potentiation, implicating a postsynaptic potentiation mechanism.  Neither efficacy, nor induction of potentiation at these synapses is affected by the metabotropic glutamate receptor agonist DCG IV.  Hyperpolarization-dependent potentiation may play an important role in maintaining hilar neuron activity levels by strengthening inputs to inactive neurons and thus allowing spread of new memories from CA3 throughout the hippocampus.  In addition, defects in this mechanism may be involved in the hyperexcitability observed  in this brain region in epileptic patients.
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Many breast and prostate cancers can be effectively treated with endocrine therapies, which have traditionally involved the administration of partial or full antagonists, ligands that bind to the internal ligand binding site of the estrogen (ER) or androgen (AR) receptor, inducing a conformation that prevents receptor interaction with key coactivator proteins required for hormone signaling. While this approach often causes an initial regression of disease, the cancer cell eventually overcomes this antagonism through cellular adaptations, inducing a hormone-refractory state.  We are developing an alternative approach to blocking estrogen and androgen action by the use of small molecules that directly disrupt the key ER and AR/steroid receptor coactivator (SRC) interactions necessary for gene activation.  The direct nature of this disruption might provide a viable therapeutic for even hormone refractory breast and prostate tumors.  Consequently, we have synthesized a pyrimidine-core library of moderate size, members of which effectively act as alpha-helix mimics to disrupt the interaction between the ER and AR ligand binding domains and their coactivators.  The structure-activity relationship in this compound series has been explored by incorporation of various C, N, O and S-substituents onto the 2,4, and 6 positions of the pyrimidine core.  As measured by in vitro time-resolved fluorescence resonance energy transfer (TR-FRET) and luciferase reporter gene assays, the most active members of this library selectively disrupt the ER/SRC and AR/SRC interactions with Ki’s in the low micromolar range.  Significantly, our small-molecule inhibitor/AR binding results correspond well with previous AR peptide binding studies, which show a preference of the coactivator binding groove for aromatic rich motifs (i.e., FXXLF and WXXLF).  Thus, pyrimidines containing multiple aromatic side-chains are selective for AR and exhibit no measurable binding to the estrogen receptor LBD.  These results should provide additional insight into the molecular biology of ER and AR and support the feasibility of this direct protein/protein inhibitory approach as a possible new type of directed endocrine therapy.
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Angiotensin II (Ang-II) affects cardiovascular function by activating CNS neurons located in specialized regions termed circumventricular organs (CVOs). While it is well-established that Ang-II dependent hypertension involves the subfornical organ (SFO), a prominent forebrain CVO, the precise molecular mechanisms involved are unknown.  Recent studies have suggested a role for cyclooxygenase (COX)-derived prostaglandins in Ang-II signaling in peripheral cardiovascular sites.  COX enzymes (COX-1 and COX-2) catalyze the first step of the conversion of arachidonic acid into various prostaglandins that each act on one or more receptors.  Evidence in our lab has suggested that COX-1-derived PGE2 acting on EP1R is involved in the actions of Ang-II in SFO neurons.  In this study, we tested if COX-1 in the SFO is important for the development of chronic Ang-II hypertension. First, immunohistochemistry studies revealed robust COX-1 expression in the SFO. Next, after determining the optimum parameters for measuring blood pressure in mice using radiotelemetry, we monitored mean arterial pressure in COX-1-/- and wild-type controls before, during, and after chronic slow-pressor infusion of Ang-II, known to be an excellent model of human essential hypertension.  Our data demonstrates that Ang-II-induced increases in pressure are inhibited in COX-1-/- mice.   Though preliminary, these studies suggest that COX-1-derived prostaglandins might play an important role in the pathogenesis of Ang-II-dependent hypertension, and will be important for understanding the mechanisms of neurogenic hypertension.
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Inflammatory diseases, including rheumatoid arthritis, endotoxic shock, and lupus, are responsible for significant morbidity and mortality.  Recent studies suggest that the cyclin dependent kinase (cdk) inhibitor p21(WAF1/CIP1) may be a suppressor of inflammation.   However, no studies have examined the role that p21 plays in controlling the activation of macrophages, which are the primary source of cytokines and chemokines in many inflammatory diseases.  Therefore, the objective of this study was to examine the role of p21 in inflammatory disease and elucidate its effect on cytokine production by macrophages.  p21 conferred protection in two models of inflammatory disease, K/BxN serum transfer arthritis and lipopolysaccharide (LPS)-mediated endotoxic shock.  Mice deficient for p21 developed significantly worse ankle swelling, clinical score, and joint damage as compared to wild-type (Wt) mice following injection of K/BxN serum.  p21-/- mice also had increased levels of serum IL-6.  Furthermore, p21 deficient mice displayed reduced survival following intraperitoneal injection of LPS to elicit endotoxic shock and had elevated serum IL-1β levels as compared to Wt mice.  Survival was partially increased by treatment with an IL-1 receptor antagonist.  In vitro, murine bone marrow derived macrophages deficient for p21 secreted significantly more IL-1β, TNFα, and IL-6 following TLR ligation as compared to Wt cells.  Furthermore, IL-1β, TNFα, and IL-6 production was increased following RNAi knockdown of p21 in human macrophages.  To explore the therapeutic potential of treatment with p21, peptidomimetics to the cdk, cylin, and proliferating cell nuclear antigen (PCNA) binding domains of p21 were conjugated to TAT, which allows entry into cells.  While all three peptides were able to inhibit cell cycle progression, only TAT-p21-CDK was sufficient to reduce IL-1β production by macrophages in vitro.  Furthermore, the severity of K/BxN serum transfer arthritis was reduced following intraperitoneal injection of the TAT-p21-CDK peptide into Wt mice.  These data are the first to demonstrate a novel role for the cdk binding domain of p21(WAF1/CIP1) in inhibition of cytokine production and suggest the potential use of peptidomimetics to p21 in the treatment of inflammatory disease.
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The importance of the role of phosphatidylinositol-3-kinase (PI3K) signaling in cancer is unquestionable, as increased PI3K activity has been observed in many different cancer types and believed to be one of the driving forces behind tumorigenesis. PIK3CA codes for the p110a catalytic subunit of PI3K and is implicated as an oncogene. Studies of knockout mice have demonstrated that an imbalance in the levels of the p110 catalytic and p85 regulatory subunits suffices to affect PI3K activity. Similarly, elevated p110a levels correlate with increased PI3K activity. Therefore, it is of significance to delineate the mechanisms that increase p110a levels and thereby the PI3K activity in cancer. However, little is known about the transcriptional regulation of PIK3CA. We recently characterized the PIK3CA promoter and reported that it is transcriptionally silenced by the tumor suppressor protein p53. In the present study, we demonstrate that PIK3CA can be induced by the oncogenic transcription factor Y-box binding protein-1 (YB-1). We mapped three YB-1 binding sites on PIK3CA and verified direct promoter occupancy using chromatin immunoprecipitation and electrophoretic mobility shift assays. Silencing YB-1 with siRNA in breast cancer cell lines attenuated PIK3CA promoter activity measured by reporter assays. In addition, we demonstrated that YB-1 induction of PIK3CA is dependent on phosphorylation of the Serine 102 site, by using phospho-mimic (YB-1 S102D) or inactive mutant (YB-1 S102A) constructs of YB-1. Furthermore, immunoblotting of a panel of breast cancer cell lines indicated a positive correlation between p110a and P-YB-1(S102) levels. In addition, quantification of the protein levels of 1056 samples including both primary breast tumors and breast cancer cell lines using a reverse-phase protein lysate microarray (RPPA) demonstrated a strong Pearson correlation (0.821) between p110a expression and the S102 phosphorylation of YB-1. Consistent with these findings, silencing YB-1 in a SUM149 xenograft model resulted in loss of P-YB-1(S102) and decreased p110a protein levels. Interestingly, silencing YB-1 decreased PIK3CA transcript and p110a protein levels regardless of whether PIK3CA was wild-type, amplified, or mutated. This decrease in p110a led to a reduction in PI3K activity and the downstream signaling primarily through p90 ribosomal S6 kinase (RSK) and S6 ribosomal protein (S6RP). Furthermore, we demonstrated that P-YB-1(S102) has a major impact in regulating the invasion of breast cancer cells through its ability to induce PIK3CA. The disruption in PIK3CA-dependent signaling suppressed cellular invasion correlative with loss of urokinase plasminogen activator (uPA). Similarly, silencing YB-1 suppressed invasion and uPA production however this was reversible through the introduction of a constitutively active PIK3CA construct. In closing, we determined for the first time that YB-1 utilizes the induction of PIK3CA to bestow cellular invasion.

Poster Presentation 
ASCI/AAP Joint Meeting 2009
Genetic and Cellular Interactions During Early Midbrain and Hindbrain Development
 128
PRESENTER:
N. Abimbola Sunmonu
Qiuxia Guo, Department of Genetics and Developmental Biology, University of Connecticut School of Medicine, Farmington, CT*
James Y.H. Li, PhD, Department of Genetics and Developmental Biology, University of Connecticut School of Medicine, Farmington, CT*
Central nervous system (CNS) defects are the second most common category of congenital abnormalities.  Many candidate genes have been identified in the search for the bases of these devastating defects, but there is significant genetic heterogeneity even within individual disorders.  Though much is known about the genetic and molecular causes of forebrain malformations, there is relative paucity of comparable information about the midbrain and hindbrain, which are affected in disorders like Joubert Syndrome and cerebellar hypoplasia. In this study, we have focused on the earliest stages of normal midbrain and hindbrain development to try and understand how it may go awry.  During development, midbrain and hindbrain cells are juxtaposed at the mid/hindbrain boundary (MHB).  This molecular barrier prevents the two cell populations from mingling and patterns the region into the cerebellum and midbrain structures.  It also interacts with ventrally expressed Sonic hedgehog to position dopaminergic, serotonergic and cranial nerve populations in a stereotyped manner along the posterior part of the neural tube.  The MHB is characterised by expression of the genes Gbx2, Otx2, Fgf8 and Wnt1. The transcription factors Otx2 and Gbx2 are among the first genes to define the prospective midbrain and hindbrain, respectively, at embryonic day (E)7.5 in mouse. Mutual inhibition between Otx2 and Gbx2 positions the MHB at their interface.  Wnt1 and Fgf8, both signalling molecules, are expressed later, around E8.5. By genetic inducible fate-mapping, in which cells of a particular lineage and their progeny can be tagged and visualised, we show that Gbx2+ cells and their progeny are restricted to the hindbrain by E7.5.  In the absence of Gbx2, Gbx2-lineage cells cross the MHB into the midbrain, leading to cerebellar aplasia. Thus, Gbx2 is required for cerebellum development and is important for the initial formation of the MHB by E7.5. Second, Gbx2 chimaera studies demonstrate that Otx2- and Gbx2-expressing cells segregate from each other, apparently due to differences in cell adhesion properties conferred by these genes.  This suggests that active cell sorting is the predominant mechanism by which Otx2+ midbrain cells are separated from Gbx2+ hindbrain cells.  Finally, we show that Fgf8 fine-tunes and maintains the MHB, while Gbx2 is dispensable for this process.   Therefore, our data suggest that during MHB formation, Gbx2+ cells separate from Otx2+ cells at the earliest stages, after which Fgf8 induction maintains and stabilises it.  These insights into the genetic mechanisms of normal midbrain and hindbrain development may ultimately shed light on the aetiology of congenital abnormalities of the mid- and hindbrain region.
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Using a recently developed molecular beacon helicase assay, we have conducted a high-throughput screen for inhibitors of the hepatitis C virus NS3 helicase.  The helicase separates duplex DNA and RNA in an ATP dependent manner and is required for viral replication both in vitro and in vivo, making it a possible drug target for treating hepatitis C, the clinical disease caused by the virus.  Using a genotype 1b helicase, we screened 827 compounds in triplicate from the “mechanistic diversity” library available from the National Cancer Institute, and identified 12 compounds that inhibited with an IC50 below the assigned cutoff of 20 µM.  Of these 12 compounds, four were chosen to explore further: thioflavine S, ellipticine, chromomycin A3, and quinacrine.  In follow-up assays, the compounds inhibited NS3 catalyzed DNA unwinding with the following IC50’s, (µ ± σ, n=3): thioflavine S 4.4 ± 0.7 µM; ellipticine 1.49 ± 0.04 µM; chromomycin A3 0.15 ± 0.03 µM; quinacrine 0.67 ± 0.1 µM.  The compounds were then tested for inhibition of helicase catalyzed RNA unwinding.  Finally, compounds were tested for their ability to intercalate DNA to eliminate inhibitors functioning by a non-specific mechanism.
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Peripheral tolerance prevents self-reactive T cells that escape thymic negative selection from causing overt autoimmunity. In the dominant model of peripheral tolerance, quiescent tissue-resident dendritic cells (DCs) migrate to lymph nodes where they cross present self antigen to T cells, which then undergo deletion or anergy in a process known as cross-tolerance. Whether cross-tolerance by DCs constitutes the full range of antigen presenting cell-mediated tolerance in the periphery has not been established. Our lab has investigated the mechanisms responsible for peripheral tolerance to tyrosinase, a protein whose expression is normally confined to melanocytes and retinal pigment epithelial cells, and is a target of immunotherapy against melanoma. In order to examine self-tolerance to endogenously expressed tyrosinase, we engineered mice expressing a transgenic T cell receptor, termed FH, that is specific for an MHC class I restricted tyrosinase epitope. Adoptive transfer of FH CD8+ T cells into tyrosinase expressing mice leads to their activation, proliferation, and subsequent deletion consistent with observations made in earlier models of peripheral tolerance. However, this occurred not only in skin-draining peripheral lymph nodes (PLN), but also in mesenteric lymph nodes (MLN). Surprisingly, presentation of the tyrosinase epitope was not dependent on either conventional radiosensitive DCs or Langerhans cells. Recently, we have demonstrated that tyrosinase mRNA is expressed by radioresistant cells in both PLN and MLN. To definitively identify the tyrosinase expressing cell, we fractionated lymph node cell subpopulations using magnetic beads and flow cytometry. We found that tyrosinase mRNA is exclusively expressed in a subset of CD45- cells that co-express gp38 and CD31. This lymph node subpopulation has previously been characterized as lymphatic endothelial cells (LECs). We have also demonstrated that LECs specifically activate FH CD8+ T cell proliferation in vitro, establishing a direct relationship of tyrosinase mRNA expression to presentation of the tyrosinase epitope. This result suggested that expression of tyrosinase mRNA may be regulated by the autoimmune regulator (AIRE), a protein associated with the transcription of peripheral tissue-specific antigens in thymic medullary epithelial cells. Interestingly, tyrosinase mRNA continued to be expressed in the PLN and MLN of AIRE knockout mice, implying an AIRE-independent mechanism of tyrosinase expression in the periphery. Thus, our study demonstrates that a specific subpopulation of lymph node stromal cells has the capacity to mediate peripheral tolerance to tyrosinase, which is independent of AIRE expression and the DC cross-tolerance pathway. These findings suggest that LECs may potentially present a broad array of peripheral tissue-specific antigens to T cells, and manipulation of LECs to rescue T cells from peripheral tolerance may have important implications for cancer immunotherapy.
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Introduction: The sequela of pulmonary contusion varies widely, ranging from mild dyspnea to prolonged mechanical ventilation, infection (pneumonia), local organ failure (Acute Respiratory Distress Syndrome, ARDS), and remote organ failure (Multiple Organ Dysfunction/Failure, MODS/MOF). The inflammatory response to traumatic injury is similar to that induced by Toll-like receptor (TLR) innate immune receptor activation during infection.
Objective: We tested the hypothesis that traumatic lung injury caused by pulmonary contusion is mediated by TLR activated inflammatory responses.
Methods: Male mice (C57/BL6 wild type (WT), TLR2-/-, TLR4-/- and MyD88-/-) received a blunt chest injury that resulted in pulmonary contusion. After injury, mice were euthanized and tissue, blood, bronchoalveolar lavage (BAL) was collected. ANOVA with Bonferonni post-test was used to compare group means for significant differences (p<0.05).
Results: TLR 2-/-, TLR4-/-, and MyD88-/- mice showed significantly decreased acute lung injury when compared to wild type.  Lung function, as determined by PaO2/FiO2, was significantly reduced in WT mice with a pulmonary contusion (mean PaO2/FiO2 +SEM; uninjured: 402+25, n=7; injured: 198+13, n=7). Mice deficient in TLR2, TLR4, or deficient in the TLR adapter protein MyD88, showed significantly less lung injury (mean PaO2/FiO2 +SEM; TLR2-/-: 363+24, n=7; TLR4-/-: 295+15, n=7; MyD88-/-: 380+27, n=7). In TLR and MyD88 deficient mice, improved lung function was associated with reduced pulmonary neutrophilia and inflammatory mediator expression. 
Conclusion: Pulmonary contusion activates an inflammatory response dependent on innate immune receptors, TLR2 and TLR4. The inflammatory response to pulmonary contusion requires the TLR adapter protein, MyD88. Absence of innate immune receptor signaling decreases acute lung injury and inflammatory response to pulmonary contusion.
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Chronic injury in the colon has several hallmarks including misregulated epithelial proliferation and inflammation, both of which can play important roles in Inflammatory Bowel Disease in which recurrent flair-ups and long term risk of colonic carcinoma depend on these states.  Many molecular signals, including the downstream effectors of the prostaglandin synthase 2 (Ptgs2, also known as Cox-2) pathway such as prostaglandin E2, can affect these phenomena.  We have identified a population of cells in the colonic mesenchyme which constitutively express Ptgs2 at a level detectable by immunofluorescence.  We have shown that these Ptgs2-expressing cells are important in maintaining proper epithelial proliferation in the rectum in a model of chronic injury mediated by administration of dextran sodium sulfate.  In this injury state, these cells redistribute to the base of the crypts of Lieberkuhn near the epithelial progenitors: the stem cell and transit-amplifying cells.  We found that the Ptgs2-expressing stromal cells co-expressed several markers of mesenchymal stem cells (MSCs). Therefore, we isolated colonic (c)MSCs and further characterized these cells in culture.  We observed that cMSCs expressed markers in common with MSCs as well as Ptgs2.  The cMSCs also were capable of differentiation along multiple mesenchymal lineages and of down-modulation of cells from the immune system.  The cMSCs expressed greater constitutive levels of Ptgs2 compared to bone marrow-derived (bm)MSCs and macrophages.  Through global array gene expression comparison with bmMSCs, we found preferential expression of Fgfr1 in cMSCs.  We therefore hypothesized that a fibroblast growth factor produced in the intestine may be involved in the regulation of Ptgs2 in cMSCs.  We focused on the role of Fgf9 as this family member is known to be expressed in the epithelium of the colon and plays a role in the behavior of intestinal MSCs during embryonic intestinal development.  In vitro, removal of growth factors by serum starvation of cMSCs resulted in specific loss of Ptgs2 mRNA expression level, an effect that can be partially rescued by Fgf9.  We have also examined a conditional knockout mouse model in which Fgf9 is specifically deleted from the intestinal epithelium.  This mouse shows misregulated epithelial proliferation and appears to be susceptible to chronic injury and inflammation.  These studies suggest that Fgf9, produced by the intestinal epithelium, is an important factor in the regulation of Ptgs2 in cMSCs and that this regulation may be required for the proper response to injury in the colon.
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Enterohemorrhagic Escherichia coli (EHEC) is an attaching and effacing Shiga-toxin producing pathogen that colonizes the large bowel in humans causing hemorrhagic colitis and in some cases, hemolytic uremic syndrome.  Colonization is dependent upon a Type III secretion system that translocates dozens of bacterial effectors into the mammalian host cell to manipulate host function.  Two bacterial effectors, Translocated Intimin Receptor (Tir) and EspFu (also known as TccP), induce rearrangement of the cytoskeleton, ultimately resulting in the formation of actin “pedestals” underneath bacteria bound to the epithelium.  Tir integrates into the host membrane and becomes clustered at sites of bacterial attachment through binding to the bacterial outer membrane protein intimin. EspFu, a 384-residue protein containing multiple tandem proline-rich repeats, is recruited to clustered Tir. Each of the EspFu tandem repeats contains a previously described alpha helical domain that binds and activates the nucleation promoting factor N-WASP, as well as a proline-rich sequence that binds the SH3 domain-containing protein Insulin Receptor Tyrosine Kinase Substrate (IRTKS), which we identified through screening a phage display library harboring the human SH3 proteome.  IRTKS is a member of a family of proteins that can stimulate actin assembly by binding to nucleating promoting factors such as N-WASP as well as bind PI(4,5)P2 and deform membranes.  Artificial clustering of a single EspFU repeat results in localized actin assembly, and we showed that this assembly depends on the proline rich region.  Having identified residues in this region that are required for IRTKS binding, we have used these mutants to investigate the role of the IRTKS/EspFu interaction in EHEC mediated actin assembly.
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Recent studies have revealed details of signaling pathways controlling vascular endothelial cell differentiation.  However, little is known about transcriptional control in this heterogeneous cell population.  It is important to identify these control elements in order to examine their roles in progenitor cell differentiation and vascular development. By identifying global epigenetic modifications associated with transcriptional activation in endothelial-expressed genes, one can identify promoter and enhancer elements that may play an essential role in defining blood vessel identity.
Histone modifications can serve as indicators for active and silent genes.  Chromatin immunoprecipitation (ChIP) allows one to isolate active regions of chromatin by using antibody precipitation of modified histones bound to these regions.  Solexa deep sequencing of these DNAs (ChIP-Seq) bound to modified histones and mapping to a reference genome allow identification of putative enhancer and promoter regions. By using the zebrafish as a model system, one can rapidly validate putative cis elements identified by this approach through various reporter assays.
We have performed ChIP-Seq using antibodies to H3K4me1 and H3K4me3, which mark enhancer and promoter regions, respectively.  These data reveal peaks in several vascular genes signifying putative enhancers.  Of note, these peaks often fall upstream of predicted gene sequences or in intronic regions.  In several cases, these regions are evolutionarily conserved and map to known protein binding sites.  
Currently, we are performing ChIP-Seq at earlier timepoints to determine how these epigenetic modifications change during development.  Also, we are performing in vivo reporter assays to determine the activity of putative enhancer or promoter elements in zebrafish embryos.  Finally, we are performing ChIP-Seq on endothelial cells isolated from zebrafish embryos by fluorescence-activated cell sorting.  Together, these analyses will allow us to better understand the transcriptional regulatory networks that are responsible for endothelial cell heterogeneity.
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Gene transfer into hematopoietic stem cells using gammaretrovirus-based vectors has proven beneficial as a therapeutic approach for immunodeficiencies. Such vectors have been shown to target transcriptional start sites of actively transcribing genes, indicating that the gene expression profile of target cells can be predictive of the pattern of vector integrations. Therefore, culture conditions that affect gene expression may affect vector integration profile. 
Patients treated with gene therapy in two trials for X-SCID in France and the UK have manifested vector-mediated insertional oncogenesis. However, retroviral vector integration patterns in patient samples from the two trials differ in the frequency of common integration sites (CIS), which may have resulted from minor differences in culture conditions (60U/ml IL3 and 4% FCS vs. 20 U/ml IL3 and 1% HSA). 
To explore this issue, we cultured human bone marrow CD34+ cells from three donors under stimulation conditions that reproduced the French (S1) and UK (S2) protocols. Cells were harvested after 48, 72, and 96 hours of stimulation. Microarray analysis of gene expression in S1 and S2 cells identified culture-specific sets of 1.5-fold upregulated (“activated”) genes. Genes activated in all three S1 time points had functional differences to those activated under S2, which led us to analyze the characteristics of genes that were activated at each stimulation time point. Networked genes associated with cell cycle and DNA replication, recombination, and repair showed functional enrichment at the S1-48h and S2-96h time points. Increased enrichment of annotated cancer genes was also found in the same samples. Thus, functional similarities were seen at different culture time points, suggesting that both S1 and S2 conditions expose similar sets of genes to vector integration, but at different transduction times. 
Of note, except for CCND2, oncogenes activated in the human X-SCID gene therapy trials (e.g. LMO2, BMI1, JUND, and LYL1) were not upregulated compared to unstimulated cells. However, all oncogene transcripts were among those expressed at high levels (>75th percentile) on the microarray. Interestingly, human cancer genes were significantly enriched among genes with high constitutive expression (p=4.62 × 10-16), suggesting that the risk for oncogene insertional activation could be independent of culture conditions. 
To confirm that gene expression correlates with vector integration, we transduced cells after in vitro culture and compared retroviral integration sites (RIS) to expression data in these cells. Preliminary results showed that 17 out of 18 RIS were within 20 kb of genes that were either upregulated during culture or belonged to the highest quartile of expression. These results may help to better understand viral insertional oncogenesis and reconcile the discordance between the differences in frequency of CIS and the observed similar risks in the French and UK trials.
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Prostate cancer (PCa) is the second most common cause of cancer death among U.S. males, with mortality caused by metastasis of the primary tumor. The five-year survival rate for those with localized PCa approaches 100%, while the survival rate for those with metastatic disease is only ~30%. Given the high mortality that is associated with advanced PCa, the metastatic cascade represents an attractive therapeutic target. However, there has yet to be an anti-metastatic drug that has shown efficacy in humans. Our group has shown that the isoflavone genistein, a natural component of soy, inhibits human PCa metastasis in relevant mouse models. It does so by inhibiting the early steps of the metastatic cascade, and effects at the cellular level can now be seen in man. However, genistein is a non-optimized natural product and has several undesirable side effects, including cell toxicity and estrogenic activity. Furthermore, preclinical studies point to the importance of dose escalation for treatment with genistein, but toxicity increases with dose. Thus, we sought to discover synthetic compounds that were based on genistein that had increased anti-invasion potency and decreased off-target effects. Using a fragment-based diversification strategy, we have synthesized various genistein analogs to obtain a focused library of isoflavones and isoflavanones. All compounds were screened for their ability to inhibit cell invasion (i.e. efficacy) and for their effect on cell growth (i.e. toxicity) by conducting Boyden chamber invasion assays and three-day MTT growth assays, respectively. Selected compounds were also screened for estrogen receptor (ER) activity by measuring induction of ER responsive genes. Using this methodology, we have identified clear structure-activity relationships (SAR) for substituents on the genistein core. Our findings have demonstrated that the 4’-hydroxyl group is essential for genistein’s anti-invasion activity, but we have also shown that this group can be replaced with substituents that have a similar electrostatic profile (e.g. halogens) while retaining the desired activity. Furthermore, reduction of the pyranone core to yield isoflavanone analogs maintains the anti-invasion activity of these small molecules but reduces the associated cellular toxicity. By combining these key findings, we have identified a definitive lead compound, 4’-fluoroisoflavanone, that demonstrates increased anti-invasion potency, decreased cell toxicity and no estrogenic activity when compared to genistein. Thus, by combining a pathophysiologically relevant screening platform with a unique synthetic route, we have developed an efficient discovery strategy that has led to the development of an optimized compound. Given that the non-optimized compound, genistein, has therapeutically relevant efficacy in man, our new compound has high potential as a therapeutic intervention for metastatic PCa.
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Urine biomarkers for the detection of bladder cancer have been discovered but no similar markers exist for prediction of clinical outcomes after receiving chemotherapy. Such biomarkers would be useful given the proven benefit of neoadjuvant MVAC (methotrexate, vinblastine, doxorubicin, cisplatin) prior to cystectomy. Here we establish an approach that curates genomic, proteomic, as well as therapeutic response datasets to identify novel putative urine biomarkers of clinical outcome following neoadjuvant MVAC. This method uses bladder tumor tissue gene expression data from patients treated with chemotherapy and identifies which of the proteins encoded by genes that offer predictive information of treatment outcomes are also found in the urine. Using this method we identified gamma glutamyl hydrolase (GGH), emmprin, survivin, and diazepam binding inhibitor (DBI). Interestingly, GGH is a protein associated with methotrexate resistance while emmprin, survivin, and DBI had been previously identified as predictors of outcome after platinum-containing chemotherapeutic regimens when assessed on bladder tumor tissue. Using disease free survival (DFS) as a measure of clinical outcome we evaluated the expression of GGH, emmprin, survivin, and DBI in bladder tumor tissue to stratify 27 patients treated with neoadjuvant MVAC. DBI (p= 0.046) but not GGH (p=0.190), emmprin (p=0.066), or survivin (p=0.393) successfully stratified patients. When GGH was used with DBI the significance of stratification improved (p=0.024) while the addition of survivin or emmprin to this two gene model reduced significance (p= 0.036, 0.040 respectively). While these predictive results were obtained on tumor tissues, the presence of GGH and DBI in urine serves as a rationale for pursuit and development of ELISA assays for urine GGH/DBI that would allow non invasive prediction of therapeutic outcomes to MVAC.
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The Prostate Specific Membrane Antigen (PSMA) transmembrane peptidase is highly expressed on endothelial cells of the tumor vasculature and on epithelial cells in advanced and metastatic prostate carcinoma where its expression correlates with tumor progression. While the expression of PSMA makes it a potentially attractive target for therapeutic development, the precise function of PSMA in either tumor associated endothelium or prostate epithelial cells is unclear.
Angiogenesis is the process by which new blood vessels grow into non-vascularized areas. While physiologic angiogenesis occurs during normal development and in healing wounds, it is also involved in pathologic processes which involve the growth of new blood vessels such as providing nutrients to a growing tumor and the overgrowth of vessels into the eye in retinopathy of prematurity (ROP) and diabetic retinopathy. PSMA has been shown to be significantly and universally upregulated on the vasculature of solid tumors, while it is absent in normal, quiescent vessels suggesting it may play a role in pathologic angiogenesis. Previously, we have shown that PSMA modulates endothelial β1 integrin activity and its subsequent downstream signaling to PAK, Fak, and Rac in vitro. These signaling molecules are important in endothelial cell adhesion, invasion and migration, processes which are necessary for angiogenesis. Accordingly, inhibition of PSMA with chemical antagonists or blocking monoclonal antibodies impaired both endothelial cell adhesion to and invasion through the extracellular matrix (ECM). Taken together, these findings suggest that PSMA may also play a role in angiogenesis in vivo.
To further investigate this possibility, we compared responses of wild-type and PSMA-null mice in three relevant murine models of angiogenesis: Matrigel implants, tumor allografts and retinopathy of prematurity. Harvest of implants containing the angiogenesis-promoting ECM preparation Matrigel showed that significantly fewer blood vessels penetrated the implants of PSMA-null mice when compared to wild type controls. Similarly, while syngeneic tumor allografts were similar in size, incidence and growth rate in both PSMA-null and wild-type animals, the tumors from PSMA-null mice were highly necrotic compared to those from wild-type mice, providing further support for an angiogenic defect in these animals. Finally, evaluation of retinal neovascularization in a model of ROP demonstrated that PSMA-null mice show a less severe vascular phenotype than wild-type mice as evidenced by less pathologic capillary network structure, decreased retinal avascular area, and reduced extra-retinal neovascularization.
Therefore, our results indicate that PSMA plays a critical role in angiogenesis in vitro and in vivo. We plan to further characterize the precise mechanisms by which PSMA modulates β1 integrin function, signal transduction and angiogenesis in these models using both gain of function and inhibition strategies.
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The adult heart contains a population of resident cardiac progenitor cells (CPCs) which are self-renewing, clonogenic and multipotent. CPCs express c-kit, which is a stem cell antigen and the receptor of stem cell factor (SCF). A fundamental question concerns whether c-kit represents only a useful epitope for the isolation of CPCs or whether c-kit controls the functional properties of these primitive cells. For this purpose, we have studied initially the W/Wv mouse which has a mutated non-functional c-kit receptor. CPCs were isolated from W/WV and WT mice and cultured. After stimulation with IGF-1 and SCF, the fraction of BrdU-labeled CPCs was nearly 50% lower in W/WV than in WT. The attenuated growth response of W/WV-CPCs was accompanied by a 4-fold higher level of apoptosis. These observations indicate that the c-kit receptor plays a crucial role in CPC growth and survival. To determine whether these alterations in CPC behavior were dictated by changes in gene expression, the transcriptional profile of WT and W/WV mouse heart was determined by Affimetrix microarray. In comparison with WT, 300 genes were upregulated and 150 were downregulated in W/WV. Among these differentially expressed genes, antiapoptotic and prosurvival gene transcripts were decreased in W/Wv. Similarly, mRNA levels for genes favoring growth and differentiation were reduced in W/Wv mice. We have elected to study the methyltransferase Smyd3 that promotes trimethylation of histone H3 at lysine 4 enhancing transcription. Putative targets of Smyd3 include genes that control cell proliferation and commitment suggesting that this enzyme may favor CPC activation and the formation of transit amplifying myocytes. These cells have the unique property to replicate and simultaneously differentiate increasing the number of daughter cells derived from CPC division. The pool of transit amplifying myocytes modulates cardiac homeostasis and conditions the reparative response of the heart to damage. By quantitative RT-PCR and Western blotting, the levels of Smyd3 transcript and protein were, respectively, 2.7-fold and 2.3 fold lower in W/WV CPCs. Importantly, c-kit-positive bone marrow cells obtained from W/Wv mice showed a lower level of Smyd 3 mRNA and protein further confirming that c-kit controls the expression of the methyltransferase. To establish whether these findings in mouse CPCs apply to the human heart, c-kit-positive human CPCs (hCPCs) were isolated from surgical myocardial specimens. hCPCs were transfected with an expression plasmid carrying Smyd3. Smyd3-overexpressing hCPCs showed a 1.6-fold and 4-fold upregulation of the catalytic subunit of telomerase and Nkx2.5, respectively. These two genes regulate the transit amplifying state of differentiating hCPCs by promoting their proliferation and commitment. In conclusion, the c-kit receptor controls the expression of Smyd3 which, in turn, regulates cardiomyogenesis by upregulating telomerase and Nkx2.5.
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Animal models of human brain disorders can significantly enhance our understanding of disease pathogenesis, particularly if the disease has a strong developmental component. In this context, the freshwater zebrafish (Danio rerio) shares both genomic homology and similar developmental processes with humans, making zebrafish especially valuable to the study of brain development. Recently, the zebrafish has been a choice subject in finding drugs for neurological disorders because of its short lifespan, fecundity, and accessibility of its genome to experimental manipulation. In the case of schizophrenia, our laboratory is trying to establish the zebrafish as an important vertebrate model for identifying chemical perturbations that may contribute to psychosis.  Because the pathogenesis of schizophrenia is largely unknown, there is a great need for identifying factors that may contribute to disease onset and progression.  Here we have studied the short- and long-term adaptive responses to hypoxia in young zebrafish to better understand the relationship between low oxygen levels and psychosis. In this context, the ventilatory responses to hypoxia are critically dependent on N-Methyl-D-Asparate (NMDA) glutamate receptors.  Furthermore, NMDA receptor hypofunction appears to be implicated in the deficient control of dopamine cell activity in the schizophrenic brain. It is conceivable, therefore, that there might be a direct link between hypoxia (as during perinatal complications) and psychotic symptoms later in life. In general, we found that ketamine (a well known psychomimetic agent), when given to young zebrafish, produced abnormal circling behavior and reduced breathing frequency. The change in ventilatory response as seen in induced-psychosis of young zebrafish may parallel the respiratory symptoms seen in panic and psychotic disorders.  To gain further insights into this phenomenon, we searched for novel regulated genes by cDNA analysis of the zebrafish brain. We have found that expression of the homeodomain transcription factor Phox2b is significantly elevated in ketamine-exposed fish relative to control zebrafish brains. Our results suggest the possibility that defects in the rhythmic drive of respiration might be associated with major psychiatric illnesses that have a predominance of schizophrenic symptomatology.  On-going related projects involve examining post-mortem  schizophrenic brains to assess the role of the Phox2b gene in this brain pathology.
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Although it has been established that the TCR repertoires of natural regulatory and conventional T cells are largely distinct, there is a clear subset of TCRs which are found in both subsets.  One explanation for this overlap would be lineage instability, such as the peripheral conversion of Foxp3– cells into Treg cells.  However, the stability of Foxp3+ cells has not been rigorously tested.  We found that only a small fraction (1.3% +/-1) of double-sorted (>99.999% pure) Treg cells lost Foxp3 expression after transfer into lymphopenic mice.  If the resulting Foxp3+ population was transferred, virtually 100% of cells remained Foxp3+.  Continuous signaling via MHC class II was not required to maintain Foxp3 expression, although cell survival was adversely affected.  On the other hand, IL-2 signaling is absolutely required to prevent Treg “reversion” to Foxp3–.  Thus, these data support the notion that Treg cells constitute a stable developmental lineage, with only a very small subset of Foxp3+ cells which spontaneously revert into Foxp3– cells under non-inflammatory, IL-2 replete conditions. This work is supported by the Arthritis Foundation, Burroughs Wellcome Fund, NIH (C.H.) and NIDDK T35 DK074375 (J.B.).
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Schizophrenia is a psychiatric illness that affects 1% of the population.  The disorder is characterized by positive (i.e. hallucinations) and negative (i.e. flat affect) symptoms.  Further, persons suffering from schizophrenia have been shown to have deficits in attention, working memory, and executive control.  At present, the cause of these cognitive deficits is unknown.  In order to determine how information processing by neurons is altered in this human disease, we are developing a nonhuman primate model of neuronal, network, and cognitive dysfunction in schizophrenia.  Toward this end, we have trained macaques to perform a task requiring spatial working memory and executive control and recorded neuronal ensemble activity simultaneously in parietal and prefrontal cortex of a nonhuman primate during task performance.  The spatial categorization task involves remembering the position of a visual sample stimulus relative to a vertical boundary line that divides the screen into left and right spatial categories (each category is a set of positions grouped together on the basis of sharing a common spatial relationship to the boundary).  Because we change the position of the boundary dividing left and right across trials, we require that the brain flexibly remap spatial positions to spatial categories, requiring executive control over spatial cognitive function.  Control subjects, first degree relatives, and schizophrenia patients were tested on a modification of this behavioral task designed to evaluate how well the brain could resolve competition between visual stimuli falling into different categories.  We found that the performance of patients with schizophrenia was more disrupted by presentation of a competing visual stimulus if the competing stimulus fell in the spatial category opposite the sample stimulus.  Focusing on the subset of trials in which visual competition was maximal (i.e. stimuli were presented close together in time and near the boundary), we found that performance was worse in the patient group (p<0.05).  This behavioral impairment in patients may be due to less efficient competition between the neural signals coding left and right spatial categories, leading to predictions about neural activity that we can subsequently test in our nonhuman primate model.
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Axin1 is a scaffolding protein shown to play an important role in several signaling pathways.  The most well characterized function of Axin1 is its role as a negative regulator of Wnt signaling, a pathway thought to be central to regulation of intestinal proliferation and differentiation.  It has been shown that Axin1 binds with Apc and Gsk3β to form a destruction complex which facilitates phosphorylation of β-catenin and targets it for degradation by the proteasome.  Loss of Axin1 leads to destabilization of this destruction complex and is thought to lead to β-catenin accumulation and aberrant Wnt signaling.  Axin1 is also thought to act a tumor suppressor due to mutations which have been found in several tumor types including colorectal adenocarcinomas.  These data taken together indicate that Axin1 could be required for the differentiation and development of the intestine although this question has never been thoroughly investigated.  In this work we have identified a novel role for Axin1 in the development and differentiation of the zebrafish intestine.  We found that knockdown of Axin1 in the developing intestine causes a decrease in markers of terminal differentiation while the expression of primitive endodermal markers is preserved.  We then utilized the masterblind mutant zebrafish, which has a point mutation in axin1 that renders it unable to regulate Wnt signaling, to determine if aberrant Wnt signaling contributed to the intestinal phenotype of the Axin1 morphants.  Surprisingly, we found that the masterblind mutant does not show an intestinal differentiation defect. Previous work from our lab indicated that retinoic acid (RA) plays an essential role in the differentiation of the developing zebrafish intestine.  Based on this work we hypothesized that axin1 might play a role in regulating retinoic acid in the developing intestine.  We tested this hypothesis by treating Axin1 morphants with exogenous RA and looking for rescue of intestinal differentiation.  We found that treatment of Axin1 morphants with RA was sufficient to partially rescue expression markers of terminal enterocyte differentiation.  Further examination of the Axin1 morphants revealed that they have a marked reduction in the level of Rdh1l, a retinol dehydrogenase important in the biosynthesis of RA.  Re-expression of Rdh1l in Axin1 morphants is sufficient to rescue the intestinal differentiation phenotype.  It has been previously reported that Rdh1l can be repressed by C-terminal binding protein 1 (Ctbp1) when Ctbp1 is accumulates following loss of Apc.  We found that knockdown of Axin1 results in the accumulation of Ctbp1 and that knockdown of Ctbp1 in conjunction with Axin1 knockdown is sufficient to rescue markers of intestinal differentiation.  We propose a model in which Axin1 and Apc cooperate to regulate levels of Ctbp1 and RA biosynthesis in the developing intestine.
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Hematopoietic Stem Cells (HSC) are adult stem cells responsible for generation of all blood cells. They reside mainly in the bone where they make careful fate decisions that balance their self-renewal with differentiation into more mature cells in a manner that ensures replenishment of the hematopoietic system without depleting the reservoir of stem cells. The maintenance of stem cell identity and function is thought to be partially mediated by extrinsic cues from cells that form a stem cell niche. Osteoblasts, which are bone-forming cells, have been proposed as niche cells for HSCs at least in physiological states. We were interested in determining whether HSC homeostasis is perturbed in pathological states using a mouse model of rheumatoid arthritis. We found that the bones of these mice were osteoporotic. The basis of this osteoporosis was not due to increased resorption of bones but rather due to decreased bone formation as a result of depleted osteoblasts. Intriguingly, we found that bone marrow HSC frequency, cell cycling, apoptosis and long-term functional repopulating ability were not changed in arthritic mice. Instead we found a marked increase in HSCs in the spleen, an organ that lacks osteoblasts. Our findings suggest that osteoblasts are not obligate niche cells for HSCs and that at least in pathological states, other cells are responsible for HSC niche function. Furthermore, our results suggest that any putative HSC niche functions of osteoblasts in the physiological state can be uncoupled from bone forming activity at the cellular or molecular level.

Poster Presentation 
ASCI/AAP Joint Meeting 2009
Prestin and Other SLC26A Transporter Carboxy-Terminal Domains Bind to Calmodulin in the Presence of Calcium
 150
PRESENTER:
Jacob Pearson Keller
Peter Dallos, PhD, Nortwestern University, Evanston, Il, USA*
Bioinformatical and biochemical data have demonstrated that the carboxy-terminal domains (CTD's) of SLC26A transporters contain a ~70 residue intrinsically-disordered region (IDR). One of the common roles for IDR's with particular sequence characteristics is binding to the ubiquitous and well-studied calcium-binding protein calmodulin (CaM). Using two independent in silico CaM binding site predictors, we found that the SLC26A transporter IDR's possess the requisite CaM binding sequence properties, and hence are potential substrates for CaM binding. We therefore assayed biochemically the interaction between several purified SLC26A transporter CTD's and CaM, and found that the CTDs and CaM interact, and that the interaction requires calcium. This interaction is abrogated when the CTD residues predicted to interact with CaM are selectively deleted, and the interaction is also blocked, under all conditions tested, by trifluoperazine (TFP), a well-known CaM inhibitor. Furthermore, the binding constant (Kd) in the presence of calcium, as measured by fluorescence polarization studies of a labeled peptide from the CTD of SLC26A5 (prestin), is 86.5 nM, well within the physiological range. Upon removal of calcium by EDTA, the binding weakens by ~1000-fold. These data suggest a generalizable calcium-based regulatory role for calmodulin in the entire family of SLC26A transporters, and in the case of prestin (SLC26A5), may provide insight into the role of calcium in the regulation of sound amplification in the cochlea.
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The study of Alcohol-preferring (P) and -nonpreferring (NP) rats has given researchers an animal model to investigate the genetic predisposition of alcohol use disorders.  P rats have been shown to display greater voluntary ethanol consumption and anxiety-like behaviors in comparison to NP rats.  We have previously shown that innate levels of brain derived neurotrophic factor (BDNF) and cAMP–responsive element binding protein (CREB) were lower within the central (CeA) and medial (MeA) amygdala, but not in the basolateral amygdala (BLA), of P rats in comparison to NP rats.  BDNF has been implicated in the regulation of synaptic strength and dendritic morphology.  We investigated the ethanol-induced modulation of dendritic spine density (DSD) and anxiety-like behavior in P and NP rats that are selectively-bred for higher and lower alcohol preference, respectively.  We found that P rats innately exhibit lower DSD in the CeA and MeA, but not in the BLA, and display higher anxiety-like behavior as compared to NP rats.  We also found that acute ethanol treatment produced an anxiolytic effect in P rats, but not in NP rats, as measured by light-dark box exploration and elevated plus maze tests.  In addition, the anxiolytic effects of acute ethanol treatment in P rats correlated with an increase in DSD in the CeA and MeA, but not in the BLA.  These results indicate that lower DSD in the CeA and MeA may be involved in promoting anxiety-like behaviors and excessive alcohol consumption of P rats.  (Supported by NIH-NIAAA and VA Merit and Career Scientist grants to SCP).
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Fragile X syndrome (FX) is the most common form of inherited mental retardation in addition to being one of the few known genetic causes of autism. FX is the result of an expansion-mutation upstream of the fragile X mental retardation 1 (Fmr1) gene causing loss of the gene product, fragile X mental retardation protein (FMRP). The loss of FMRP has been shown to alter metabotropic glutamate receptor (mGluR) signaling within neurons, which is hypothesized to contribute to the pathology of FX. Recently, two potential therapeutic interventions have emerged, an mGluR5 antagonist, MPEP (2-methyl-6-phenylethynyl-pyridine), and lithium. Because lithium is a well-characterized, selective inhibitor of glycogen synthase kinase-3 (GSK3), we tested if GSK3 is hyperactive in FX and assessed the potential therapeutic uses of GSK3 inhibitors in FX by examining Fmr1 knockout mice. First, we found that GSK3 is constitutively hyperactive in Fmr1 knockout mice brains. Moreover, treatment with lithium reversed the hyperactive GSK3 in the brains of Fmr1 knockout mice and rescued FX-related hyperactivity behavior. Finally, we found that the other potential therapeutic for FX, the mGluR5 antagonist MPEP, greatly inhibits brain GSK3 in Fmr1 knockout mice. Taken together, these results show that GSK3 is hyperactive in Fmr1 knockout mouse brain, the two prime candidates for therapeutic intervention in FX inhibit GSK3, and inhibition of GSK3 rescues behavioral symptoms in mouse model of FX. These findings suggest that GSK3 may play a more central role in Fragile X syndrome than previously realized and support GSK3 as a prime therapeutic target.

Poster Presentation 
ASCI/AAP Joint Meeting 2009
Protective Role of Endothelial PPARγ in Atherosclerosis
 154
PRESENTER:
Li Tai MD PhD
Li-Jung Tai, MD, PhD, Gene Expression Laboratory, Salk Institute for Biological Studies; Division of Endocrinology and Metabolism, Department of Medicine, UCSD, La Jolla, CA 92093, USA*
Grant Barish, MD, Gene Expression Laboratory, Salk Institute for Biological Studies, La Jolla, CA 92093, USA*
Erin Dunn, Gene Expression Laboratory, Salk Institute for Biological Studies, La Jolla, CA 92093, USA*
Rachel Richards, PhD, Scripps Research Institute, La Jolla, CA 92093, USA*
Adam Mullick, Isis pharmaceuticals, Carlsbad California, USA*
Audrey Black, MD, Scripps Research Institute, La Jolla, CA 92093, USA*

Linda Curtiss, MD, Scripps Research Institute, La Jolla, CA 92093, USA*

Ron Evans, MD,     Salk Institute for Biological Studies, La Jolla, CA 92093, USA*  
The nuclear receptor peroxisome proliferators-activated receptor gamma (PPARγ) has been shown to regulate insulin sensitivity, lipid metabolism, and inflammation. Activation of PPARγ by ligand treatment leads to an improvement of atherosclerosis in both animal models and humans. This is thought to be mediated partially by macrophage PPARγ as it regulates cholesterol efflux. However, as the endothelium is involved in early lesion progression, endothelial PPARγ might play a role in atherogenesis. To determine the function of endothelial PPARγ in atherosclerosis, we created tie2-cre PPARγ knockout mice in LDL receptor null background that lack PPARγ in both endothelial and hematopoietic cells. By transplanting wildtype GFP+ bone marrow, we obtained endothelial specific knockout of PPARγ. These mice and their littermate controls were fed atherogenic diet for various periods of time and harvested for atherosclerotic lesion analyses. To examine early lesion progression, we used confocal microcscopy to score GFP+ macrophage infiltration in the lesser curvature of the aorta, a well-documented area of lesion predilection. This allows us to look at early lesion progression weeks after starting the atherogenic diet. Later time points were examined by aortic sinus lesion analyses. We found that comparing to their littermates, endothelial PPARγ knockout mice have comparable blood pressure, fasting glucose, and weight. However, they have 75% more macrophage infiltration in the lesser curvature at 2 weeks (p=0.17), 51% worsening aortic sinus lesions at 8 weeks (p<0.05), and 29% worsening of sinus lesions at 16 weeks (p<0.05). These results demonstrate that endothelial PPARγ plays an athero-protective role. Currently, studies are underway to examine the molecular basis of these findings. This study suggests that endothelial PPARγ regulates endothelial dysfunction and lesion initiation and may be an attractive target for atherosclerosis prevention and treatment.
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Adult stem cells hold great potential in repair and regeneration of tissues. Here we describe a novel source of adult stem cells derived from a foreign-body induced granulation tissue as follows:  Perforated polyvinyl tube (foreign-body) was introduced in the subcutaneous tissue of rats. By day 4, the tube was completely encapsulated by a rapidly growing layer of a newly formed tissue.  The cells in this tissue expressed markers of embryonic pluripotent stem cells as well as of adult stem cells and also secreted high levels of growth factors.  To obtain cells in culture the tissue was harvested aseptically at day 4, enzymatically digested (collagenase), and plated on tissue culture dishes in mesenchymal stem cell growth medium.  Cultured cells showed smooth muscle-like mesenchymal morphology, which was retained upto passage 10.  By immune staining these cells were positive for markers of embryonic pluripotent stem cells {Oct-4, and Nanog}, adult stem cells {CXCR4, SDF-1a, and Thy1.1 (CD 90)}, and negative for markers of endothelial progenitors {CD31, CD34}.  By fluorescent-activated cell sorting (FACS) analysis these cells were positive for CD90, CD59 and CD44, and negative for CD45, typical of rat mesenchymal stem cells.  The secretion rate of vascular endothelial growth factor (VEGF) was 2344 ± 60 pg/hr/million cells, a value 50-100 times higher than in other adult cell lines (fibroblasts, primary mesangial and glomerular epithelial).  On incubation of these cells in specific differentiation medium the cells differentiated into adipogenic, osteogenic, and chondrogenic lineages within 2-3 weeks as judged from their morphological transformation and special staining for fat globules, bone and cartilage respectively.  These cells were frozen in liquid nitrogen and upon re-culture they continued to express pluripotent embryonic and adult stem cell markers, produced high levels of growth factors, and differentiated into adipogenic, osteogenic, and chondrogenic lineages. We conclude that culturing foreign-body-induced subcutaneous granulation tissue yields cells in culture which show typical stem cell properties.  We believe that because a foreign body-induced granulation tissue is a regenerating tissue, stem cells obtained from it will be biologically more potent than stem cells from other adult organs.
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Cdk4/6-cyclinD complexes respond to mitogenic signals and control progression through the G1-phase of the cell cycle.  While many tissues proliferate and develop normally in the absence of active cdk4/6-cyclinD complexes, mice lacking D-type cyclins demonstrate a developmental failure of hematopoietic stem and progenitors cells (HSPC), suggesting their dependence on cdk4/6 activity for proliferation.  Here, we employ pharmacologic inhibitors of cdk4/6 to test the in vivo dependence of adult HSPC on these proliferative kinases.  Murine bone marrow was assessed by flow cytometry for proliferation markers Ki67 and BrdU in specific hematopoietic progenitor subpopulations after 48 hours of treatment with a cdk4/6 inhibitor.  Drug treatment reduces proliferation of all early hematopoietic progenitors:  hematopoietic stem cells, multipotent progenitors, common myeloid progenitors, common lymphoid progenitors, megakaryocyte-erythroid progenitors, and granulocyte-monocyte progenitors.  Further, we made use of this pause in proliferation to preserve hematopoietic function after lethal irradiation.  Treatment with cdk4/6 inhibitor at or near the time of lethal irradiation preserves hematocrit and thrombocyte counts at their nadir, and improves overall survival after 7.5 and 8.5 Gy of total body irradiation.  In summary, single oral doses of cdk4/6 inhibitor are sufficient to improve survival from lethal doses of total body irradiation by mitigating neutropenia, thrombocytopenia, and anemia, and these effects are achieved by preventing cdk4/6-dependent cell cycle progression in early hematopoietic progenitors.
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The retina is a self-contained outgrowth of the neural tube.  Within the developing retina the only proliferative zone, the ventricular zone, produces all 7 (6 neuronal, 1 glial) retinal cell types. In the mouse, the full complement of cells is produced over ~22 cell cycles in a specific order from embryonic day 10 until postnatal day 11.  Neurogenesis is generally the result of 3 independent decisions made by each progenitor cell: 1) cell cycle exit decision, 2) cell fate decision, and 3) cell death decision. While each decisional step has been studied independently, a generalized model incorporating all 3 developmental steps has not yet been constructed for any CNS structure.  We developed a three-step in silico model of this cell production process in the developing murine retina that incorporates all 3 developmental steps while accounting for both cell number and cell class.  Step 1 of the model reflects the systematic changes in the proportion of daughter cells that remain vs. those that quit the cell cycle (Q).  Step 2 reflects a set of probability density functions that describe the cell fate per cell cycle for each of the retinal cell classes. Step 3 reflects the effect of apoptosis on overall cell survival.  Since the biological realism of the model is paramount, allowances were made for biological processes, such as the natural variations in the types of cell division (symmetric vs. asymmetric), the expansion of the cell population (~150), and proper retinal cell class distributions.  Comparison of the model output with data from actual retinal development established that a sigmoidal-shaped pathway describing cell cycle exit from Q=0 to Q=1 and modified normal distributions for each cell class probability density function account well for both the number and classes of cells produced both in toto and at each stage of the neurogenetic period. The power of this model is its capability to provide specific predictions of time, magnitude, and systematic causes of differences in retinal neurogenesis.  The model can also be used to generate hypotheses on the biological functions of genes involved in retinal development.  This can be done by inducing systematic perturbations to reflect variability in retinal cell composition occurring subsequent to aberrant development, as in gene mutations (e.g., Tyr in albinism and OA1 in ocular albinism) and various knockout (Math5, Prox1, Brn3b).  Preliminary findings show that the ratio of neuronal cell classes produced can be changed by perturbing 1) cell cycle exit decisions, 2) cell fate determination, 3) cell death decisions, or 4) a combination of the three.
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There is a lack of knowledge about the role of the developing subventricular zone (SVZ) in the neonatal brain after injury.  Neonatal hypoxia-ischemia (H/I) is associated with cerebral palsy and a wide spectrum of other neurological deficits in children.  Our lab studies the regenerative potential of the resident precursors of the SVZ, a small brain region that contains a heterogeneous cell population consisting of neural stem cells and precursors.  Two key processes required to repair damaged organs are to amplify the number of precursors and to direct their differentiation towards the cell types that need to be replaced.  Furthermore, the interaction between the developing vascular system and the central nervous system is complex and must be appreciated after such an insult.  This study focuses on the roles of vascular endothelial growth factors (VEGFs) during tissue repair after H/I and suggests these factors may be an important regulator of SVZ-derived cell responses.  Our central hypothesis is VEGFs shift the proliferation and differentiation of SVZ precursor cells towards becoming astrocytes instead of the more appropriate oligodendrocyte lineage after H/I. We induced H/I in P6 rat pups using the Vannucci model and sacrificed subjects at several recovery time points. A morphometric analysis of the blood vessels revealed 7 and 74-fold increases in luminal area within the injured SVZ compared to those in the contralateral SVZ and non-hypoxic sham SVZ respectively as early as 4 h after injury and remained significantly elevated until 48 h. While mRNA levels were not up for any isoforms as early as 6 h after injury, protein analysis suggests up-regulation of A and C as early as 12 h after injury.  To ascertain how VEGFs affect SVZ cell proliferation and differentiation, we propagated early SVZ glial precursors in a basal growth medium supplemented with 30% B104 neuroblastoma conditioned medium. Under these growth conditions the cells grow as spheres with 80% of the amplified cells PSA-NCAM+. When stimulated with recombinant VEGFs A and/or C for 72 h there was a significant increase in GFAP+ astrocytes with concomitant decrease in O4+ oligodendrocytes. Using BrdU incopration, we observed increased astrocyte proliferation at 18 h and 3 d within these mixed glial precursor cultures. Furthermore, we found that VEGFs A and C, both alone and additively, significantly increased the BrdU incorporation in immature astrocyte cultures. On the other hand, only VEGF C stimulated oligodendrocyte precursor proliferation. That there are prominent changes in the neurovascular niche of the SVZ prior to any established change in the stem/precursor cell population suggests that endothelial cells are a source of regenerative signals. That VEGFs A and C are induced rapidly, but transiently, after H/I injury implicates these factors as mediators of the early expansion of the glial precursors. Supported by 1F31NS062629 awarded to JMB and MH 59950 awarded to SWL.
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Glioblastoma multiforme (GBM) is the most common brain tumor in adults and carries a poor prognosis, due in part to a propensity for tumor recurrence despite aggressive treatment strategies.  Such relapse may be due to the persistence of brain tumor stem cells (BTSCs), a small subpopulation of glioma cells with stem-like characteristics responsible for tumor initiation and progression.  It is likely that modulation of pathways normally involved in neural stem cell (NSC) differentiation will be of clinical relevance in the targeting of these cells.  Binding of β1-integrin to the laminin-derived epitope IKVAV is one such pathway of particular interest, as it has been shown to promote neuronal differentiation as well as inhibit tumorigenesis.  However, this interaction has not yet been examined in the context of the cancer stem cell hypothesis.  To that end, we have successfully isolated, propagated and characterized BTSCs from multiple different human glioma samples.  These cells display NSC markers, are multipotent, and form GBMs after orthotopic transplantation into immunocompromised mice.  These BTSCs also express a variety of integrin subunits, with α5 and β1 showing the highest expression.  Using a self-assembling nanogel displaying the IKVAV epitope, we have induced potent neuronal differentiation of BTSCs in vitro, with marked process elaboration and MAP2 expression.  We have also confirmed that the nanogel forms following intracranial injection and is stable for at least one week, allowing for future in vivo studies.  Further investigation of the IKVAV gel will elucidate the mechanisms underlying its effect as well as open a novel avenue of potential GBM therapy.
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Hirschsprung's disease is a multigenic and partially penetrant disorder of the enteric nervous system (ENS.) While great strides have been made in determining the roles of specific genes in the pathogenesis of the disease, less is known about the effect of the environment on the developing ENS. We propose that exposure to clinically used compounds may impair the development of the ENS and affect disease penetrance in patients with genetic risk. Such compounds may also provide tools and suggest targets for further study of the development of the ENS.
Objectives:
To screen chemicals in a high-throughput, in vivo system and identify clinically relevant compounds that impair the development of the enteric nervous system and test their roles as enviromental contributors to disease penetrance.
Methods:
We screened the Johns Hopkins Clinical Compound Library of 1520 compounds on developing wild-type zebrafish embryos. Healthy embryos were exposed to compounds in the library after the formation of the embryonic gut and the extent of colonization of the distal gut was measured by immunostaining for neuronal markers and microscopy.
Results:
We present several interesting compounds that impair the development of the ENS, including sodium valproate. Valproate is an anticonvulsant in wide clinical use, and is a known teratogen with well-studied effects on the development of the CNS. Validation and characterization of the results of the screen in zebrafish, in vitro, and in murine model systems are ongoing.
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During gastrulation, cells of the epiblast undergo an epithelial mesenchymal transition (EMT) concomitant with commitment to the mesoderm lineage.  Using a mouse embryonic stem cell model, we show that differentiating ES cells also undergo an EMT process which, like mesoderm commitment, is dependent upon canonical Wnt signaling.  Through a functional screen, we identified Mesoderm Posterior 1 (Mesp1) as a Wnt-dependent transcription factor capable of coordinately regulating both cardiovascular fate restriction and EMT.   An evaluation of early transcriptional targets of Mesp1 revealed that Mesp1 induced the expression of Snail homolog 1 (Snai1) in addition to a number of cardiovascular transcription factors.  We show that Snai1 is unique in its ability to induce EMT in differentiating ES cells.  We hypothesize that in the gastrulating embryo, Mesp1 induces multipotent cardiovascular progenitor cells and activates Snail expression to enable cell migration from the primitive streak to the nascent cardiac crescent.
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Clinically diagnosed SLE cases consisting of predominantly African American females were studied for HLA trends and composition of regulatory T cells. Class II DRB1 typing revealed that 30.8% of this population harbored at least one DRB1*1503 allelic haplotype. This 1503 subgroup exhibited a higher rate of serositis than did the non-1503 subgroup.  Flow cytometric analysis of lymphocyte populations did not demonstrate a difference among the CD4+/FoxP3+/CD25+ staining regulatory T cells between the two subgroups. However, a significantly higher proportion of CD4+/FoxP3+/CD25- and CD4+/FoxP3+/CD25variable populations were found in the 1503 haplotype group than in to the non-1503 group. This suggests a possible role for CD25 (IL-2Rα) in the disease manifestations for this subgroup, and future studies will focus on other regulatory T cell surface markers, and whether activation, proliferation, and homeostasis of the immune reaction is compromised in the 1503 subgroup due to the decreased expression of CD25.
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Infiltration of the central nervous system (CNS) by leukemic blasts is one of the problematic disease manifestations of acute lymphoblastic leukemia (ALL). Within ALL the presence of the Philadelphia chromosome (Ph) which generates the Bcr;Abl fusion gene places patients at high risk for CNS relapse.  Therefore,  Ph+ ALL is the focus of our current investigation.
Preliminary studies using transwell migration assays indicate that Ph+ ALL cells migrate more efficiently than Ph- ALL cells across human brain endothelial cell (hBEC) monolayers. However, the differential migration of ALL through hBEC does not arise from differences in their ability to migrate towards the endothelial cells, suggesting other factors underlie this unique characteristic.  Our current understanding of the mechanisms by which leukocytes enter the CNS is derived from models of inflammation.  In such models, leukocytes produce inflammatory cytokines that up-regulate endothelial cell surface adhesion molecules, which enhance leukocyte-endothelial cell interactions, and disrupt endothelial cell barrier function, which induces vascular permeability. Based on these existing models we determined whether leukemic cells elicit a similar change in hBEC.  Exposure of hBEC to either Ph+ or Ph- ALL cells does not alter endothelial cell expression of ICAM-1 or VCAM-1. Additionally, electric cell-substrate impedance sensing (ECIS) documented that exposure of hBECs to ALL does not impair endothelial barrier function that would be indicative of increased vascular permeability.   Consequently, these data suggest that ALL invasion of the CNS may deviate from the classical dogma. 
Further characterization of the Ph+ ALL cell lines utilized in our study identified their expression of  VE-cadherin, a classical endothelial cell marker.  Microarray analysis of gene expression and immunostaining document that along with VE-cadherin, Ph+ ALL cells co-express the adhesion molecule PECAM-1. The co-expression of these adherens junction proteins may provide insight into the mechanisms by which Ph+ ALL cells cross vascular barriers to invade the CNS, potentially leading to the identification of novel targets for therapeutic intervention.
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Graft versus host disease (GVHD) is the major cause of morbidity and mortality after bone marrow transplant (BMT), limiting the efficacy and wider application of this life-saving therapy. Standard treatment is steroids and other immunosuppressive agents, which greatly increase the infection risk to the patient.  More effective and targeted therapies are needed.  GVHD is initiated following activation of donor T cells by host antigen presenting cells (APCs). The immunosuppressive enzyme indoleamine 2,3-dioxygenase (IDO) is expressed by APCs and parenchymal cells and is further inducible by inflammation. IDO catabolizes tryptophan, lowering the tryptophan concentration and releasing metabolites, both of which result in T cell suppression. We asked whether lethal conditioning and GVHD induce IDO and if IDO prevents tissue injury by suppressing immune responses at its induction site. Using a fully MHC-mismatched murine GVHD model, we determined that IDO is a critical regulator of GVHD, most strikingly in the colon, which dramatically upregulated IDO expression during GVHD. No IDO upregulation was detected in mice that received irradiation only or irradiation and BM without added alloreactive T cells, proving donor T cells were required for IDO upregulation.  We found that donor T cells incapable of IFN-γ production could not upregulate IDO but caused increased GVHD.  Likewise, recipients lacking expression of the IFN-γ receptor did not upregulate IDO after transplant and suffered accelerated lethality. Therefore, IFN-γ produced by donor T cells is the crucial mediator of IDO induction.  When IDO deficient mice (IDO-/-) were used as BMT recipients, they suffered accelerated GVHD lethality compared to wild-type recipients, displaying increased colonic inflammation and T cell infiltration. GVHD protection was not mediated by early control of T cell proliferation or apoptosis in lymph nodes or spleen.  Furthermore, IDO did not affect expression of T cell effector molecules in lymphoid organs.  Though IDO can mediate suppression through T regulatory cells (Treg) and vice versa, Treg depletion of donor grafts did not abrogate the IDO effect. Conversely, Tregs added to the graft delayed GVHD in IDO-/- recipients.  Therefore, IDO does not require Tregs nor do Tregs require IDO for GVHD suppression. After transplant, colons from IDO-/- hosts contained CD4+ T cells that were more proliferative and less apoptotic than those from wild-type colons. Together, this evidence suggests IDO acts primarily at the site of its expression in the colon, a major GVHD target organ, to decrease effector T cell proliferation and survival, reducing GVHD severity. This local action of IDO may be an effective way to control GVHD in target organs without more general immunosuppression.  These studies are the first to identify a function for IDO in GVHD lethality and suggest that modulation of the IDO pathway in humans may be an effective strategy for treatment of this disease.
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Tissue engineering the liver in vitro and regenerating the liver after chronic liver disease is crucially dependent upon the ready availability of cultured liver stem cells. We have isolated and cultured such stem cells from the omentum-assisted regenerating liver tissue as follows:  When rat omentum is activated by injection of inert foreign body it becomes endowed with stem cells and growth factors (Litbarg et al 2007). We applied the activated omentum to induce liver regeneration by creating a small wedge resection in the liver and allowing the activated omentum to fuse with the injured site. This maneuver resulted in an increase of the liver mass to 50% more than the original mass by two weeks and was accompanied by up-regulation of developmental genes in the liver tissue. Further it was shown that this supra-normal growth of the liver was not dependent on the expansion of hepatocytes but on stem cell proliferation in the liver (Singh et al 2009). Because the omentum-assisted regenerating liver tissue has abundant stem cells it was used as a starting tissue source for culturing liver-specific stem cells.  Regenerating liver tissue was harvested four days after liver injury, enzymatically digested (collagenase) and plated on tissue culture dishes (without an extra-cellular matrix substratum) in mesenchymal stem cell growth medium. As controls, liver tissues were processed similarly from age-matched normal rats. Normal rat liver tissue repeatedly failed to yield cells in culture. In contrast, regenerating liver tissue yielded cultured cells that showed mesenchymal morphology within 8 days of culture. Upon re-culture they multiplied and retained their original morphology up to passage 10. On immune-staining, these cells were positive for markers of adult stem cells (WT-1, CXCR4), embryonic pluripotent stem cells (Oct-4, and Nanog), activated hepatic stellate cells (CD133, aSMA, collagen I), and negative for markers of oval cells (CK-19) and of endothelial progenitors (CD31, CD34). By FACS, the cells were positive for CD90, CD59, CD45 and negative for CD44, typical of mesenchymal stem cells of rodents. Vascular endothelial growth factor (VEGF) was present in the medium of primary cultures and in all passages at a concentration of ~3.5 ng/mL; a value 20 fold higher than in other adult rat non-stem cell lines (secretion of growth factors is strongly indicative of stem cells). Culture of these cells on matrigel coated tissue culture dishes in medium containing hepatocyte growth factor (50 ng/mL) resulted in appearance of round hepatocyte-like cells in culture. These round cells were positive for albumin on immune-staining. In conclusion, omentum-assisted regenerating liver tissue yielded stem cells in culture that could be differentiated to hepatocyte-like cells in vitro.  Obtaining liver stem cells by this methodology is a novel approach that yields robust stem cells in high numbers for potential use in tissue engineering and treatment.
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Introduction

Hypoxia-inducible factor 1α (HIF-1α) is a transcription factor that is up-regulated in hypoxic conditions.  Our lab and others have shown that HIF-1α expression increases significantly in high-grade gliomas such as human glioblastoma multiforme (GBM) compared to low grade tumors (1, 2). HIF-1α induces transcription of glycolytic genes and vascular endothelial growth factor (VEGF), which are key players in tumorogenesis (3, 4, 5).

RNA Interference (RNAi) is a mechanism of regulating gene expression by inhibiting translation of RNA. Studies in our lab have shown that RNAi directed against HIF- 1α in mouse flank models demonstrated HIF-1α, VEGF and GLUT-1 reduction, and tumor volume decrease (6). A previous study showed that altering HIF-1α levels significantly decreased subcutaneous astrocytomas, but did not attenuate astrocytomas intracranially, though VEGF-deficient astrocytomas exhibited tumor decreases in both areas (7). In this study the value of HIF-1α targeted inhibition in a flank model is questioned citing the hypoxic and poorly vascularized subcutaneous region to be possible reasons for tumor decrease. We believe that further testing of RNAi targeted inhibition of HIF-1α in an intracranial tumor model is required.

The goal of this study is to develop RNAi for clinical use in treating intracranial tumors. To accomplish this we will focus on using intracranially injected siRNA directed against HIF-1α complexed to a newly developed carrier with tumor targeting moieties for treatment of malignant brain tumors. This nucleic acid carrier combines the benefits of the attachment polyethyleneimine (PEI) with disulfide based materials and provides a high transfection efficiency and low toxicity. Various targeting proteins can be attached for tumor-specific delivery. The use of chemically modified siRNAs in vivo to silence HIF-1α will also be explored (8).  
Methods

Glioma tumor cells with constitutive luciferase expression will be injected intracranially into mice. Carrier molecules with siRNAs targeted to HIF-1α designed previously (6) will be injected directly into intracranial tumors and tumor growth will be measured by luciferase activity (9, 10). Tumors will be removed and assayed for vascularity, proliferative index and apoptotic index of the tumors. Levels of GLUT-1, HIF-1 and VEGF will be measured.
Significance

In previous studies, mice receiving daily siRNA injections directed again HIF-1α showed slowed tumor growth and longer lifespan. Demonstration of tumor growth inhibition in the intracranial model by decreased HIF-1 expression and refining our siRNA delivery methods has potential to become a clinical treatment regimen for patients with malignant gliomas.
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BACKGROUND:  Radiofrequency ablation (RFA) uses radiofrequency pulses to generate coagulation necrosis in diseased tissues, specifically tumors.  Reported survival rates have approached those of surgical resection for hepatocellular carcinoma (HCC).  Herein, we describe our safety and efficacy using radiofrequency ablation for the treatment of unresectable liver cancer.
METHODS: A retrospective analysis was performed.  Inclusion criteria included: diagnosis of malignancy, nonoperative candidate, single tumor up to 6 cm or multiple tumors up to 3 cm, history of image-guided RFA at the same academic institution.  Pre-procedure CT or MRI was reviewed.  LFTs and tumor markers were followed when applicable.  RFA was performed using RITA multi-array or Valleylab Cool-tip applicators. Post procedure imaging and clinical follow-up obtained until last recorded clinical visit.
RESULTS: Forty six (n=46) were treated in a total of 31 patients.  Twenty three carried the diagnosis of HCC, one of fibrolamellar HCC, two of cholangiocarcinoma, three of colorectal cancer metastatic to the liver, and two of non-specified adenocarcinoma metastatic to the liver.  Twenty-four patients had no prior treatment, three patients had prior liver resection, two had prior transarterial chemoembolization (TACE), one had prior Yittrium-90 therapy, and one had prior liver transplant followed by resection and operative RFA. Average post-treatment follow-up was 6.6 months (range 0 to 32 months).  
Technical success was 45/46 (98%) with one patient requiring TACE for residual tumor 1 month post ablation.  Two complications (4%) occurred with one tract seeding and one fistula development between the colon and ablated tumor.  Of the treated tumors, only 3/46 (7%) demonstrated local recurrence but 29% developed progressive disease at other sites in the liver.
Twelve patients (39%) had complete response and no new disease; nine patients (29%) were treated as a bridge to transplant and have no recurrent disease post transplant; one (3%) had additional tumors at the time of treatment, received additional TACE and is currently stable; nine patients (29%) had progressive disease; of these, four received subsequent TACE, one received TACE and ethanol ablation, one received TACE followed by liver transplant, one received Yittrium-90 therapy, and two received additional RFA.  
CONCLUSION:  Radiofrequency ablation provides a minimally invasive treatment option for the management of unresectable liver tumors.  RFA may serve as adjunct or primary therapy and is effective as a therapeutic bridge to transplant.  Initial results indicate that patient survival and quality of life are improved with RFA, although larger studies are ongoing and needed.
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The neurobiological factors underlying susceptibility to age-related cognitive decline and dementia are unclear. One possibility is that chronic exposure to environmental stressors early in life may permanently influence cognitive functioning, although these deficits may not become apparent until adulthood. There is substantial evidence supporting the idea that early-life, chronic psychological stress in the rat pup leads to an earlier onset of hippocampus-dependent cognitive dysfunction during middle-age. Chronic stress provokes the release of molecular mediators of the stress response, including glucocorticoids (GCs) and corticotropin-releasing factor (CRF), both of which have been shown to impair hippocampal function. It is thus likely that stress-induced excessive activity of CRF and/or GCs in the developing hippocampus may contribute to the pathophysiology of later-life dementia. The present study tests the hypothesis that signaling of CRF onto its receptor CRF-R1 is necessary for the cognitively impaired phenotype in adult rats, reared in a limited nesting, early-life stress (ES) cage environment. A selective blocker of CRF-R1 (NBI30775) was infused into a subset of ES pups for one week (P10–P17) starting immediately at the end of the early-life stress period (P2-P9). At 10-12 months of age, hippocampal integrity of control, ES, and NBI30775-treated ES rats was assessed on three levels: dendritic structure, synaptic plasticity, and behavioral learning and memory. Immunohistochemical staining for hippocampal CRF peptide was performed, as well as in situ hybridization for GC receptor (GR) mRNA. Plasma GC levels were also measured in all animals using a radioimmunoassay kit. As previously demonstrated, middle-aged ES rats showed impaired performance in both Morris watermaze and Object Recognition paradigms, and long-term potentiation (LTP) of hippocampal CA1 schaeffer collateral synapses was profoundly diminished. Also, CA1 dendritic trees of ES rats were significantly atrophied in proximal stratum radiatum, compared to controls. Post-hoc administration of NBI30775 during the second postnatal week improved hippocampus-dependent memory performance and synaptic plasticity in stressed rats, and was protective to CA1 pyramidal cell dendrites. CRF-positive interneurons were more abundant in hippocampal area CA3 in 12 month-old ES rats, yet plasma GC levels were comparable among groups. GR mRNA experiments, as well as immunostaining for hippocampal CRF in antagonist-treated ES rats, are in progress. These data provide evidence that CRF signaling at a young age plays a vital role in the processes leading to hippocampus-dependent cognitive decline later in life. Elucidating the contributions of early adverse experience to the mechanisms of cognitive dysfunction will allow for potential therapeutic interventions to offset the consequences of ES.
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The red blood cell (RBC), the primary oxygen supplier to tissues, has been recognized as a regulator of local vascular resistance by virtue of its ability to release adenosine triphosphate (ATP).  Once released, ATP binds to purinergic receptors on the vascular endothelium leading to the release of endothelium-derived relaxing factors resulting in vasodilation.  The finding that RBCs have the ability to release not only oxygen but also ATP when exposed to reduced oxygen tension (pO2) in active muscle, suggests that the RBC could be a primary regulator of the matching of O2 supply with demand in skeletal muscle.
  Release of ATP from the RBC is stimulated by exposing RBCs to low pO2, mechanical deformation, β-receptor agonists, or prostacyclin receptor (IPR) agonists.  Stimulation of the β-receptor and the IPR activates the heterotrimeric G protein Gs, while exposure of the RBC to low oxygen tension and mechanical deformation activates the heterotrimeric G protein Gi.    Stimulation of Gi or Gs activates an ATP release signal transduction pathway consisting of adenylyl cyclase, protein kinase A and the cystic fibrosis transmembrane regulator.  Importantly, an increase in cAMP levels within the RBC is required for ATP release.  Although the signal transduction pathway for ATP release from RBCs has been extensively studied, the mechanism by which Gi is activated in response to low pO2 has not been firmly established.  
 Here we evaluated the hypothesis that RBC deformability is required for ATP release from rabbit RBCs in response to exposure to low pO2.  Deformability of RBCs, measured with a St. George’s Blood Filtrometer, was decreased by incubation of RBCs with diamide, an agent that promotes cytoskeletal cross-linking.  Incubation of RBCs with diamide (100 uM) resulted in a 7.67 ± 1.19 % reduction in RBC deformability by 30 min that was stable for 1 hr (p<0.05, n=4).  In untreated RBCs, changes in pO2 from 116.1 ± 4.9 to 11.9 ± 1.6 mmHg resulted in a, significant, 402 ± 161 % increase in ATP release (p<0.01, n=10).  In contrast, in diamide treated RBCs, changes of PO2 from 120.1 ± 5.8 to 11.9 ± 1.3 mmHg resulted in only a 151 ± 69 %  increase in ATP release, which was significantly lower than the increase in untreated RBCs (p<0.05, n=10).  To ensure that the effects of diamide on low pO2-induced ATP release were selective for that signaling pathway and was not due to a general inhibition of ATP release, RBCs were incubated with iloprost, a prostacyclin analog that produces receptor-mediated activation of Gs, or mastoparan 7, a direct activator of Gi, and cAMP accumulation and ATP release were measured.  Diamide did not inhibit mastoparan 7- (n=8) or iloprost (n=3)-induced cAMP accumulation or ATP release. These results are consistent with the hypothesis that membrane deformability is required for low PO2-induced ATP release from rabbit RBCs.  (ADA grant RA-133 and NIH grants HL-64180 & HL-89094).
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Introduction: Inflammation is increasingly recognized as a potent predictor of atrial fibrillation (AF). In addition, there is a strong link between inflammation and acute coronary syndromes. However, little is known on about the role of inflammation in the development of AF after acute myocardial infarction (AMI). Since AF is an independent predictor of mortality after AMI, it is important to identify patients at increased risk of this arrhythmia. We determined whether biomarkers closely linked to inflammation [high sensitivity C-reactive protein (hsCRP)] and other routine biomarkers [NT-pro-brain natriuretic peptide (NT-proBNP)] are associated with new onset AF at AMI hospitalization.
Methods: A total of 1,508 AMI patients without prior AF and with data on biomarkers were enrolled from >25 US centers in a prospective registry of MI (TRIUMPH).  NT-proBNP and hsCRP were measured during hospitalization. The outcome was new-onset AF which was defined as presence of AF during the index hospitalization without a documented prior AF. Unadjusted and multivariable -adjusted results were analyzed using hierarchical logistic regression models within site of care. Due to their skewed distribution, hs-CRP and NT-pro-BNP data were analyzed in quartiles. 
Results:  New-onset AF was documented in 72 AMI patients (4.8%; mean age 59 years; 32% women). Patients with new-onset AF were older and had more comorbidities such as diabetes, chronic renal disease and smoking, lower left ventricular ejection fraction (LVEF) and higher Killip class on admission. In unadjusted analyses patients with new-onset AF during AMI had significantly higher levels of hs-CRP (median 3.3 vs 2 mg/ml; p=0.001) than those without AF. NT-pro-BNP was not significantly different in those with AF compared with non-AF patients (1690 pg/ml vs 964 pg/ml; p=0.094). 
After adjusting for demographics (age, race, sex), comorbidities (hypertension, diabetes, coronary heart disease, chronic renal disease, smoking and congestive heart failure), severity of MI (STEMI, LVEF, systolic blood pressure on admission and Killip class) and biomarkers, only older age (for every 10 year increase in age, OR; 95% CI 1.44; 1.13, 1.84) and diabetes (OR; 95% CI 2.45; 1.43, 4.21) independently predicted AF post-AMI. hs-CRP and NT-pro-BNP had a tendency to be associated with AF, although the results did not reach statistical significance (hs-CRP quartile 4 vs 1, OR; 95% CI were 1.39; 0.87, 2.90 and for NT-pro-BNP quartile 4 vs 1 the OR 95% CI were 2.19; 0.82, 5.85). 
Conclusion: In this prospective AMI registry, inflammatory markers had a tendency to be higher in patients with new-onset AF after AMI. Although our results suggest that inflammation is possibly operative in predicting new-onset AF at AMI hospitalization, other factors such as atrial stretch or ischemia may be more important mediators of AF in this patient population.
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Our laboratory has identified two splice variants of BRCA1, named BRCA1a and BRCA1b.  Previous studies in our laboratory have shown that there are structural and functional differences between full length BRCA1 and the BRCA1 splice variants and that these differences may play a role in the localization, transcriptional activation/repression, tumor growth/suppression and protein-protein interactions of these variants.  The discovery of additional BRCA1 splice variants led to the belief that alternatively spliced forms of BRCA1 may be responsible for the development of breast cancer in those who are not found to possess wild-type BRCA1.  It is known that BRCA1 acts as a growth/tumor suppressor and that sequences are conserved between full length BRCA1 and the variants.  Therefore, it was proposed that the BRCA1 splice variants also act as tumor suppressors in breast cancer cells.  
We have determined the nucleotide sequences of the BRCA1 splice variants in order to determine which exons and functional domains are lost.  Nucleotide sequencing indicated that BRCA1a and BRCA1b are missing majority of exon 11, which makes up over half of the coding sequence.  BRCA1b is also missing exons 9 and 10.  The exon 11 sequences contain two nuclear localization signals and binding domains for several proteins that are important in the function of BRCA1.  However, the results of these experiments have also shown that BRCA1a and BRCA1b act as growth/tumor suppressors via the inhibition of Elk-1 and that they are localized to the nucleus, cytoplasm and mitochondria.  Our studies indicate that the absence of exon 11 is not necessary for the growth/tumor suppressor function of these variants.  It can therefore be speculated that the mutations within this region are not functionally significant for the tumor suppressor activity of the BRCA1 splice variants and that loss of this exon does not effect subcellular localization of these proteins.
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The contact pathway of blood clotting is dispensable for normal hemostasis in that clinical deficiencies in most contact phase proteins are not associated with abnormal bleeding.  However, recent evidence suggests that the contact pathway plays important roles in pathologic thrombosis and inflammation.  The contact system is triggered by the assembly of three serine proteinases (factor XI, factor XII and plasma prekallikrein) together with a non-enzymatic protein cofactor (high-molecular weight kininogen).  Negatively charged surfaces play a central role in activation of the contact pathway by serving as a site on which the contact phase proteins are localized and assembled.  A number of anionic surfaces have been shown to activate the contact pathway, including artificial materials such as dextran sulfate, kaolin, glass, and silica, as well as some biologic molecules including bacterial surface proteins, certain glycosaminoglycans, sulfatides, fatty acids, and RNA.  The “true” physiologic or pathophysiologic activators of the contact pathway remain unclear, however.  Inorganic polyphosphates (polyP) are linear polymers of phosphate residues that are found in bacteria, fungi, protozoa, plants, and mammalian cells.  We recently reported that synthetic polyP of approximately 75 phosphate units, similar to those secreted by activated human platelets, can modulate the blood clotting system and can (weakly) trigger the contact pathway of blood clotting.  We now report that synthetic polyP optimally activated the contact pathway only when the polymers were longer than 400 phosphate units, a polymer size typical of polyP molecules found in infectious microorganisms.  To address the ability of bacterial polyP to modulate blood clotting, we focused our initial studies on Salmonella enterica serovar typhimurium (S. typhimurium), whose infections can be accompanied by clinically significant activation of the blood clotting system.  Using bacteria engineered to overproduce polyP in response to nutrient stress, we purified polyP from S. typhimurium using a modified guanidine isothiocyanate extraction method.  Plasma clotting assays demonstrated that purified S. typhimurium polyP accelerated plasma clotting as effectively as synthetic polyP of the same polymer lengths.  Furthermore, treatment of the bacterial-derived polyP with alkaline phosphatase, which acts as a highly active exopolyphosphatase, abrogated the shortening of clot time.  These findings suggest that polyP elaborated by infectious microorganisms may be a significant activator of the contact pathway of blood clotting, which could contribute to inflammatory responses to infection as well as potentially life-threatening manifestations of coagulopathy associated with sepsis.
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Background: Oxidative stress influences all stages of atherosclerosis, from endothelial dysfunction to plaque rupture. Activated leukocytes within atherosclerotic lesions produce reactive oxygen species, causing local and systemic oxidative injury, and elevated plasma oxidative stress biomarkers predict coronary artery disease presence and severity. However, demonstrating that oxidative stress is causal in atherosclerosis requires connecting inherited variations in oxidative stress genes with both phenotypic variations in oxidative stress, and meaningful clinical endpoints.
Study Design: We evaluated associations between polymorphisms in oxidative stress genes and biomarkers of oxidative stress to determined the predictive value of genetic markers for coronary artery disease presence and outcome. We tested these markers in an angiography cohort of 885 patients who were followed prospectively for a median duration of 11.1 years. Plasma oxidative stress biomarkers myeloperoxidase, nitrotyrosine, oxidized low-density lipoprotein, and antioxidant capacity were measured using commercial enzyme–linked immunoassays. 76 single nucleotide polymorphisms (SNPs) in 15 candidate oxidative stress genes were selected using a tagging strategy based on linkage disequilibrium, with non-synonymous SNPs preferentially included. Genotyping was completed by arrayed primer extension (APEX) microarrays and automated genotyping methods.
Results and Interpretation: We observed relationships between plasma biomarkers and risk of cardiovascular mortality in the patients with coronary artery disease.  Patients with elevated myeloperoxidase had the highest risk of cardiovascular mortality, and myeloperoxidase added predictive value to risk assessment by conventional risk factors. Also, we found associations between genetic variations in oxidative stress genes and presence of cardiovascular disease, and risk of mortality. However, effects of genetic polymorphisms on plasma biomarker levels were not unequivocal, and gene-environment interactions influenced associations. Genetic markers may represent lifetime oxidative stress burden, and implicate specific oxidative stress pathways in the pathogenesis of atherosclerosis. Further studies are warranted to establish the biological significance of the patterns we observed.
C.L.H. is supported by a Trainee Award from MSFHR, and a Providence Health-CIHR-UBC MD/PhD Studentship Award.
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Introduction: Tendons heal slowly and poorly after injury. Stem cell based therapies and tissue regeneration may be potential avenues to investigate in improving tendon repair. Current management of tendon injuries is often surgical but it has its limitation due to delayed healing or adhesion formation. Recent reports suggest tendon progenitor cells, as measured by slow cycling, exist in tendon but numbers are low.  We hypothesise that low cellular proliferation activity due to low numbers of tendon progenitors in tendon tissue gives rise to poor tendon healing characteristics. This study aims to quantify and colocalise the baseline tendon cellular proliferation in healthy unwounded tissue. Further work will study the location of slow-cycling cells/ tendon progenitors and compare them to other tissues with better healing characteristics such as skin and bone. 
Methods: C57 BL mice aged 8-10 weeks were injected with 10µl/g Bromodeoxyuridine (BrdU) and sacrificed 3 hours later. Serial sections of the mouse hind paw digits were stained with Haematoxylin and Eosin and antibody stained with proliferation markers, BrdU and Ki 67. Quantification of proliferating cells was performed using image J and a three dimensional cell mapping wes performed using Reconstruct software. Cell density and percentage of BrdU-positive cells and Ki67- positive cells were calculated. 
Results: Cellular proliferation was identified by uptake of the BrdU label and Ki67. Proliferating cell density in tendon was 9.5 (1.6) cells/mm2, in skin was 84.6 (11.4) cells/ mm2, and in bone was 5.4 (0.8) cells/mm2. Proliferation index in tendon was 0.01. Three dimensional reconstructions revealed the spatial distribution of proliferating cells in tendon, skin, and bone.
Conclusion: Cellular proliferation in mouse flexor tendon is significantly lower than in skin (P <0.05) and is significantly higher than that in bone (P <0.05). Poor tendon healing characteristics may be attributed to this low proliferation activity.
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Oncolytic viral therapy is a promising treatment modality that is being tested for safety and efficacy.  Recruited components of the innate immune system, and increased production of inflammatory cytokine present a significant barrier to OV efficacy.  Natural killer (NK) cells play a critical role in limiting viral infections, and previous work suggests they may be similarly involved in attenuating virotherapy.  We used flow cytometry to evaluate the temporal pattern of NK cell recruitment in intracranial tumors (U87EGFR glioma) treated with rQnestin 34.5 or PBS. NK cell levels in normal brains following treatment with wild type HSV was quantified as a reference. Our results suggested a very rapid NK cell infiltration in normal and tumoral brain as soon as two hours after virus administration.  Quantification of NK cell recruitment into normal non tumor bearing brains of mice 48 and 72 hrs after wild type F-strain HSV-1 administration revealed 3.4-fold and 5.5-fold, increase over PBS treated mice respectively (p=0.003 and  p=0.01 respectively).  Similarly, quantification of NK cell influx into intracranial tumors treated with rQnestin34.5 or PBS also revealed an enrichment of NK cells in OV treated tumors (1.5-fold, p=0.05, at 6 hrs; 2.0-fold, p=0.01, at 24 hrs; and 2.2-fold, p=0.02, at 72 hrs).  As flow cytometry demonstrated low MHC-I staining on U87EGFR cells, we hypothesized that the tumor is acting as a potent target for NK cell activation.  In order to test this hypothesis, ELISPOT assays were performed with NK-enriched human PBMCs co-cultured with U87EGFR.  IFN production levels indicate that NK cells are strongly activated by the U87EGFR tumor model compared to K562 positive control cells.  We have previously shown immunomodulation with Cyclophosphamide (CPA) and Valproic acid (VPA) enhances OV efficacy. Here we investigated the impact of these treatments on NK recruitment in OV treated tumors. CPA administered prior to virus inoculation abrogated the percentage of OV induced NK recruitment into the tumor at all time points tested compared to OV alone.  Similarly, VPA treatment resulted in a decline in NK recruitment at 6 and 24 hours post-OV; however, a robust increase at 72 hours-post-OV was seen, resembling the response seen with OV alone (24.1% vs 19.5%, p=0.29).  While both drugs enhance OV therapy through immune modulation, they are accomplishing this response through different routes.  Further work will discriminate between the significance of antitumor and anti viral effects of NK in OV therapy.
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Adenosine, a nucleoside-signaling molecule generated in response to cell stress and damage, is suggested to contribute to the pathogenesis of chronic obstructive pulmonary disease (COPD).  An established model of adenosine-mediated lung injury is the adenosine deaminase-deficient (Ada -/-) mouse.  Features common to patients with COPD and Ada -/- mice include elevated lung adenosine levels, inflammation, and alveolar airway destruction/enlargement. Studies from our lab suggest that features of the Ada -/- pulmonary phenotype are mediated by adenosine-dependent increases in osteopontin (OPN).  Microarray analysis of Ada -/- mouse lungs demonstrate Opn is the most highly upregulated gene relative to Ada-competent littermates.  Subsequent studies confirmed adenosine-dependent OPN upregulations in alveolar macrophages of Ada -/- mice during active disease.  OPN is a protein implicated in a variety of human pathology including inflammatory and fibrotic lung disease, but its role in the pathogenesis of COPD has not been examined.  To investigate the role of OPN in the Ada -/- pulmonary phenotype, Ada/Opn -/- mice were generated and endpoints of inflammation and airway enlargement were compared in parallel with Ada -/- mice.  Results indicated Ada/Opn -/- mice show reduced inflammation by histology and airway lavage.  Software analysis of histological sections displayed significant reduction in average alveolar airway size of Ada/Opn -/- versus Ada -/- mice.  Angiogenesis and matrix metalloprotease (MMP) activation are processes shown to promote the development of features of COPD.  RNA and protein analysis confirmed reductions of MMPs and other indicators of alveolar airway destruction in lungs of Ada/Opn -/- mice.  Furthermore, lung angiogenesis was also reduced in Ada/Opn -/- mice .  These findings are consistent with published mechanisms of OPN-dependent metastatic formation in several cancer models demonstrating OPN-mediated angiogenesis and activation of MMPs.  These findings suggest OPN plays an important role in pulmonary inflammation and alveolar airway destruction/enlargement in the Ada -/- model.  To investigate OPN expression in patients with COPD, lung samples were obtained from the Lung Tissue Research Consortium.  Analysis of lung samples from patients with COPD demonstrated increased gene expression and immunohistochemical detection of OPN versus normals.  These results suggest that pathways represented in the Ada -/- model translate to existing processes occurring in the pathogenesis of COPD.  Collectively, the results of these studies indicate that OPN may represent a novel biomarker or therapeutic target for patients with COPD.
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The lack of rejection of the semi-allogeneic fetus has led to multiple theories of maternal immune suppression during pregnancy.  However, the activity of cytotoxic CD8+ T cells is required to protect the mother and fetus from infections.  Therefore, we hypothesize that CD8+ T cells are subject to subtle reversible modulation that maintains fetal tolerance while preserving the responsiveness of these cells to pathogens.  Because the effect of pregnancy on CD8+ T cell homeostasis was unclear, we determined the proliferative capacity and susceptibility to apoptosis of these cells throughout normal gestation.  
Timed pregnant C57BL/6 mice and unmated controls were injected with bromodeoxyuridine (BrdU) twenty-four hours prior to euthanization to monitor proliferation.  BrdU is a thymidine analog that is incorporated into DNA during replication, allowing the detection of proliferating cells by intracellular staining.  The apoptosis of CD8+ cells was determined by the TdT dUTP nick end labeling (TUNEL) assay, which utilizes the terminal transferase enzyme that non-specifically adds fluorescent nucleotides to the broken ends of DNA in dying cells.  Spleens and draining lymph nodes were isolated from BrdU injected mice and the total number of cells in each tissue was counted. The numbers of CD8+TCRβ+ cells that were BrdU+ or TUNEL+ were calculated from the percentage of positive cells obtained by flow cytometry and the absolute number of cells counted.
We found that the total number of CD8+ T cells in the spleen was unchanged during early and mid-gestation, but was significantly elevated on day 15 of pregnancy.  However, by day 16 the number of CD8+ T cells had decreased and was not different from the unmated level. Throughout gestation, the number of proliferating and apoptotic CD8+ T cells in the spleen was similar to unmated controls.  In the uterine draining lymph nodes, the total number of CD8+ T cells also increased in late gestation.  This followed a significant elevation in the number of proliferating CD8+ T cells on mid-gestational days 10 and 12.  The number of CD8+ T cells undergoing apoptosis in the uterine draining nodes increased significantly during late gestation.
The results of this study suggest that the maternal immune system undergoes dynamic homeostatic changes during pregnancy. Importantly, cytotoxic CD8+ T cells retain their proliferative capacity are not induced to undergo more apoptosis throughout normal gestation. Identifying changes in the absolute numbers of these cells was important because cellular proportions vary with changes in the size of other resident populations.  This is especially true in the spleen where the expansion of the erythroid lineage causes a proportional decrease in lymphocytes during mid-pregnancy.  The data presented here support our hypothesis that the maternal immune system undergoes reversible modulation during pregnancy, and is not globally suppressed.
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Introduction: Low barometric pressure at high-altitude leads to unavoidable reduction of oxygen delivery to tissues. Pulmonary and hematological responses comprise the traditional model of acclimatization of low-altitude residents to high-altitude hypoxia.  However, studies of indigenous high altitude natives identify that increased nitric oxide (NO), measured as circulating concentrations of NO metabolites (NOx), is a feature of adaptation to high-altitude hypoxia. NO and its metabolites regulate oxygen transport and delivery through multiple effects on blood flow, hemoglobin and cellular respiration. Here, we hypothesized that circulating NOx increase during acclimatization of low-altitude individuals to acute high-altitude hypoxia.
Methods: This study examined circulating NOx and hypoxia-inducible factors erythropoietin (Epo), vascular endothelial growth factor (VEGF), and endothelin (ET1) in low-altitude natives (8 male/7 female, age 43±12) exposed to high-altitude hypoxia.  Vital statistics, arterial oxygen content (CaO2), and blood for measure of hemoglobin (Hb), hematocrit (Hct), NOx and hypoxia-inducible factors were collected at 4 time points at serial altitudes over 19 days in the Nepali Himalayas (A - Day 1, 1300m; B - Day 4, 3440m; C - Day 12, 5050m; D - Day 18, 1300m).
Results: CaO2 changed as predicted with changes in ambient oxygen pressures (data order A – B- C – D: mL O2/100mL, 19.7 – 18.2 – 18.3 – 20.2; p = 0.003), with coordinate changes in pulse (beats per minute, 70 – 82 – 85 - 71; p < 0.001) and respiratory rate (breaths/minute 16 – 16 - 20 - 16; P = .002). Epo, VEGF, and ET1 increased in participants in response to altitude (all p < 0.001). Hb and Hct changed in concert with Epo, confirming a brisk erythropoiesis response that returned to basal with descent from altitude. Plasma NOx increased, nearly doubling at the peak altitude when arterial oxygen content was lowest (µM, 90 – 103– 168 – 103;  p<0.001).  Levels of NOx were directly related to altitude (R2 = 0.26; p < 0.001), inversely related to oxygen saturation of hemoglobin (R2 = 0.26; p < 0.001), positively related to ET1 (R2 = 0.122; p = 0.007), but unrelated to other parameters.
Conclusions: Increase of circulating NOx is a uniform response of low-altitude natives on ascent to altitude. The increase is in proportion to hypoxia and may be the consequence of hypoxia-induction of factors that induce and/or activate endothelial NO synthesis, such as ET1. These findings indicate that the vascular-NO response is a universal component among the integrated physiologic responses that afford rapid acclimatization to hypobaric hypoxia upon ascent to altitude.
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Diet influences the functional and structural composition of the intestinal microbiota (gut microbiome) to a large extent and interacts strongly with the host’s genome.  We hypothesized that a cardiovascular disease-associated high-fat diet would chronically change gut microbiome phylotypes among three metabolic rodent models to a dominantly pro-inflammatory composition via increasing the relative proportions of lipopolysaccharide (endotoxin)-releasing gram (-) bacterial classes.  An understanding of this ‘host genome-microbiome inflammatory-axis’ underscores the importance of completing the NIH Human Microbiome Project as a prototype for further research.
Our methods included 16 randomly fed control rats on a low-fat (LF) diet and 31 rats on a high-fat (HF) diet, of which some HF rats were characterized as Diet-Induced Obese (DIO), and some Obese-Resistant (OR-DR). Low Fat diets included (% of kcal): Protein 20%, CHO 70%, Fat 10%. High-Fat diets included (% of kcal): Protein 20%, CHO 35%, Fat 45%. Dietary intervention lasted 6 months; intestinal samples were analyzed using RT-qPCR. 
Our results for total and class-specific bacteria surveyed using universal and class-specific oligonucleotide primers were measured in number of 16S rRNA gene amplicon-copies per gram of wet-weight cecael effluent by methodology validated previously. Data are displayed as either geometric mean for totals or percentage for proportional changes (significance = P<0.05). Analysis of total bacteria revealed that HF-feeding reduced, by only a log-fold, the total number of cecael bacteria; additionally, OR rats revealed the presence of a couple million more copies than in the DIO rats [LF Total Bacteria = 1.27E+08 Copies; HF OR-DR Total Bacteria = 9.40E+07 Copies; HF DIO Total Bacteria = 7.48+07 Copies]. Analysis of G (-) Bacteroides as a percentage of total bacteria revealed that HF-feeding significantly increased their proportion; interestingly, there was an even larger difference between OR-DR and DIO rats [LF G (-) Bacteroides = 30% of Total; HF DIO G (-) Bacteroides = 31% of Total; HF OR-DR G (-) Bacteroides = 37% of Total]. Lastly, analysis of G (+) Clostridia, from the Firmicutes Phylum, as a percentage of total bacteria revealed that HF-feeding significantly increased their proportion; once again, there was also a large difference between HF OR-DR and DIO rats [LF G (+) Clostridia =13% of Total; HF OR-DR G (+) Clostridia = 21% of Total; HF DIO G (+) Clostridia of 26% of Total]. 
In conclusion, LF-diet rats had the highest number of total bacteria, yet they had the lowest number of the dominant and metabolically-significant classes, the Bacteroides and Clostridia. Remarkably, it appears that HF-feeding decreased the overall gut bacteria count, but increased the proportion of these two classes that have been hypothesized to be involved in inflammatory-disease etiology. Specifically, it indicates that more G (-) bacteria thrived as a result the HF-diet.
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Previous work has shown that an acellular zone is associated with suture repairs in tendons.  This observation has also been found in other ordered matrices such as the cornea.  This study aims to characterize the dimensions and cellular effects of the acellular zone in a single and Kessler suture mouse model.  Samples were obtained from 36 mice that were repaired using a single suture over a year.  Modified Kessler repairs of 6 mice were acquired over 3 months.  These were stained for H&E, Hoescht 33258 benzimidole and TRITC phalloidin.  Three-dimensional reconstructions of the tendon, suture and acellular area were obtained.  The acellular zone was also studied in an in vitro model to obtain live cell images.  Electron microscopy was used to examine the acellular zone in detail. Biomechanical testing was carried out to investigate the effect of the acellular zone on the tensile strength of sutured tendon compared to non-sutured tendon.  The acellular zone was present at 24 hours and was detectable a year post-injury.  The size of the grasping loop was proportional to the acellular volume.  The acellular area appears to be aligned with the strain direction in tendons.  In the modified Kessler, the acellular area was concentrated around its grasping components.  Evidence of disruption to the actin cytoskeletal network in tendons was present.  The acellular area is present in single suture and Kessler repairs in tendons, is related to tension and could be damaging to the actin cytoskeleton of tendons.  Live cell imaging shows that the acellular zone starts to form within 2 hours.  Electron microscopy confirmed the presence of the acellular zone.  Biomechanical studies show a trend towards weakening of the sutured tendon.
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Our laboratory investigates the use of TiO2 nanoparticles (NPs) for their potential use as a diagnostic and therapeutic tool in the treatment of various malignancies.  Due to the unique properties of TiO2 at the nano-scale, the surface-exposed molecules are subject to physical stresses not present in the bulk form, resulting in a conformational change that allows favorable, covalent binding of various ortho-substituted ligands such as enediols.  One such ligand that has been extensively tested is dopamine, to which a specific oligonucleotide may be bound.  Another unique property of TiO2 nanoparticles is that energy exposure greater than the band gap results in a charge separation that can travel across a covalently bound linker molecule (e.g. dopamine) and cleave complementarily bound DNA via a photocatalytic reaction.  Thusly, specific, deleterious DNA sequences can be targeted for destruction.  The approach in this work involves the use of Fe3O4-core TiO2-shell(Fe3O4@TiO2) nanoparticles.  The core possesses magnetic resonance contrast activity, allowing for in vivo detection without the need for an additional contrast agent, while the shell retains its surface conformation and charge transfer properties.  Conjugated to the surface is the widely-used chemotherapeutic doxorubicin (DOX).  DOX typically acts by intercalating into DNA during replication, but it has been found to generate reactive oxygen species and lipid peroxidation in supra-clinical concentrations.  
Nanoconjugates were synthesized by conjugation of DOX to Fe3O4@TiO2 NPs such that 35% of surface sites were bound.  Two ovarian carcinoma cell lines were used: OVCAR-8 and NIH/ADR-RES, an OVCAR-8 cell line that has been serially selected by increasing doxorubicin exposure and over-expresses the ABCB1 transporter.  Cells grown to 70% confluency were treated with (a) DOX-bound Fe3O4@TiO2 nanoparticles (DOX-NP), (b) equimolar concentrations of DOX alone (1uM), (c) equimolar concentrations of Fe3O4@TiO2 NPs alone, or (d) no treatment.  Flow cytometry was used to evaluate both cell viability and uptake of DOX.  At treatment intervals up to 24 hours, uptake of DOX in NIH/ADR-RES cells was found to be significantly greater when conjugated to NPs than when used alone.  Viability was not found to be significantly affected at less than 24 hours post-treatment.  Multispectral confocal laser scanning microscopy showed little change in nuclear localization in OVCAR-8 cells, but there was significant increase in nuclear localization in the DOX-NP-treated NIH/ADR-RES cell line.
Preliminary results have shown that conjugation of doxorubicin to Fe3O4@TiO2 NPs may show increased therapeutic efficiency over doxorubicin alone through increased uptake and nuclear localization by overcoming common mechanisms of drug resistance.
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Traditionally, heat shock proteins have long been regarded as intracellular molecules, with functions restricted to the intracellular compartment.  However, recent observations demonstrating their regulated extracellular release led to a paradigm shift towards studying its immune functions.  This study investigates the role of the extracellular heat shock protein 70 (eHsp70) in intestinal immune homeostasis.  We propose Hsp70 as an endogenous toll-like receptor(TLR) ligand that selectively drives differentiation of regulatory IL-10 immune responses in the gut.   Intriguingly, the N-terminus of Hsp70 shares homology with LcrV, a virulence factor for Yersinia pestis, the causative agent for bubonic plague and a potential threat for bioterrorism.  LcrV effectively and lethally shuts down the host immune response via induction of the potent anti-inflammatory cytokine IL-10. Given the amino acid alignment of the two seemingly unrelated proteins, Hsp70 and LcrV, we sought for their functional homology.  Challenging previous reports suggesting Hsp70 as a danger signal, treatment of dendritic cells(DCs) with Hsp70 resulted in attenuation of TNF-alpha induced by LPS and flagellin. Similar to LcrV, immune suppression by Hsp70 was due to its strong induction of IL-10.  This was dependent on TLR 6, which we recently reported to selectively promote an anti-inflammatory response through induction of tolerogenic DCs subsequently leading to IL-10 producing regulatory T cells(Tr1).  Thus, Hsp70 demonstrates immune modulatory properties via its effect on innate immunity, revealing a novel function of an ancient and ubiquitous stress protein.  Moreover, this may provide the mechanism underlying an intriguing yet previously enigmatic observation that Hsp70 induced regulatory (Hsp-70 specific and non-specific) IL-10 producing T cells with the ability to confer protection in inflammatory arthritis. 
While Hsp70 is an inducible protein whose basal expression is low, its expression is strikingly robust and constituitive from the mouse cecum to colon, an area richly populated by microflora.  Accordingly, we chose colitis as a model to further investigate the physiological function of Hsp70 in immune modulation.  Using the DSS colitis model, we found that Hsp70-deficient mice had worse disease compared to wildtype littermates and that Hsp70 overexpression in the gut epithelium showed improved recovery and reduced inflammatory cytokines.  Thus, Hsp70 may be an endogenous intestinal factor driving differentiation of tolerogenic DC and Tr1 cells that are critical in the prevention of uncontrolled inflammation. 
Many medical interventions for inflammatory bowel disease employed hitherto shows limited effect, and thus development of efficacious therapies is much needed. This study can lead to development of therapeutic tools that depend on IL-10 and reduction of TNF-alpha, where the cytokine therapies alone showed no success in inhibiting inflammation.
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Voltage-gated sodium channels initiate action potentials in excitable tissues.  In the heart, mutations in SCN5A (encoding the channel Nav1.5) underlie the long QT and Brugada syndromes and multiple other heritable arrhythmias.  However, recent data also implicate sodium channel mutations in structural phenotypes such as dilated cardiomyopathy and ventricular non-compaction.  The mechanism by which sodium channel dysfunction contributes to structural heart disease is unknown.  Here we report that voltage-gated sodium channels act via non-electrogenic mechanisms to regulate cardiac progenitor cell number and chamber morphogenesis during vertebrate development.  In zebrafish, in silico approaches and phylogenetic analysis identified two distinct SCN5A homologs, scn5aa and scn5ab.  Molecular cloning, assembly and heterologous expression of each ~6kb zebrafish cDNA in CHO cells reconstituted typical voltage-gated sodium currents.  By whole mount in situ hybridization, transcripts of scn5aa and scn5ab were detected in the gastrulating embryo prior to localizing to the nascent myocardium and central nervous system.  Antisense morpholino-mediated knockdown of either scn5aa or scn5ab resulted in reduced expression of the myocardial precursor genes nkx2.5, gata4, and hand2 in the heart-forming region of anterior lateral mesoderm and diminished numbers of cardiac progenitor cells, indicating that sodium channels are required for early molecular signals that promote cardiogenesis.  At later stages of development, antisense-treated embryos displayed cardiac chamber malformation and aberrant looping prior to succumbing to circulatory failure.  These developmental abnormalities did not appear to arise from perturbed membrane electrophysiology, as prolonged exposure of embryos to pharmacological inhibitors of sodium current failed to phenocopy the effects of channel knockdown.  Moreover, a functional requirement for sodium current in heart beating emerged only after the earliest steps of cardiac chamber morphogenesis and looping were complete.  Analysis of mosaic embryos created by transplantation of late blastomeres revealed that sodium channels act via distinct mechanisms to regulate both early (cardiac cell fate specification) and  late (proliferative growth of differentiated embryonic cardiomyocytes) aspects of cardiogenesis.  These results indicate that voltage-gated sodium channels have evolved multiple roles in the vertebrate heart: in addition to regulating heart rhythm, sodium channels perform previously unrecognized, non-electrogenic functions during cardiac development.  Our findings thus suggest a developmental mechanism for how mutations in a single ion channel gene may underlie the seemingly divergent phenotypes of arrhythmia and cardiomyopathy.
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The use of hormonal contraception is commonly associated with weight gain. The purpose of this retrospective study was to explore the association between the use of hormonal contraception and weight change in an outpatient adolescent patient population in Lexington, Kentucky. Data were gathered from the charts of 259 adolescent female patients seen in an outpatient adolescent clinic for up to 72 months. At the initial visit, all patients were evaluated for risk-taking behavior and received preventive counseling. Patients were categorized as either contraception users or non-users (control group). Contraception users were subdivided into Depot Medroxyprogesterone Acetate (DMPA) user group or non-DMPA contraception user group. The latter group included patients using oral contraceptive pills, transdermal contraceptive patch, intravaginal contraceptive ring, or other forms of hormonal contraception.  Following the initial visit, all contraception users (DMPA and non-DMPA) visited the clinic every three- or six-month for follow-up. During the follow-up visits, patient weight was recorded and the patient received counseling services by a physician a licensed psychologist and or a nutritionist as deemed appropriate. Data were entered in Microsoft Excel and analyzed using Statistical Analysis Software.  The results showed no significant difference in weight gain between groups. We hypothesize that hormonal contraception in adolescent patients, coupled with clinical intervention in form of counseling, and regular monitoring over an extended period (longer than 24 months) is not associated with significant weight gain.
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Tumors express abnormal antigens and thus should be the target of immune attack.  Nonetheless, cancers are rarely rejected spontaneously.  Recent work demonstrates that tumors engender specific tolerance, a process mediated by regulatory T cells (Tregs), preventing tumor rejection. We showed that denileukin diftitox (DT) depletes Tregs in humans and mice, but Treg depletion alone may be insufficient for cure. In our mouse model for ovarian cancer, we challenge BL6 mice with 107 syngeneic ID8 ovarian carcinoma cells intraperitoneally (IP). DT at 5 µg/mouse IP weekly starting 2 weeks after tumor challenge modestly prolongs survival 11 days versus PBS control. Adding interferon (IFN)-α at 20,000 units/day on 4 consecutive days of 7 to DT, improved survival 26 days over DT alone and improved OVA (tumor)-specific immunity over DT alone.  IFN-α modestly but significantly reduced Treg suppression, suggesting additional mechanisms for its enhanced treatment effect. CD11b+Gr-1+ myeloid immune cells inhibit tumor immunity in all cancers studied. We showed that CD11b+Gr-1+ cells increase in spleen, ascites and mesenteric lymph nodes after ID8 challenge. Strikingly, they boosted rather than suppressed tumor (OVA)-specific immunity.  DT or IFN-α alone increased the proportion and prevalence of CD11b+Gr-1+ cells in tumor.  IFN-α, but not DT, increased CD86 (a maturation marker) on CD11b+Gr-1+ cells, suggesting maturation and differential effects by DT versus IFN-α. Increasing stimulatory CD11b+Gr-1+ cells could represent a novel mechanism of benefit from Treg depletion by DT or IFN-α, both of which are FDA approved. We used DT+IFN-α to treat a patient with ovarian cancer who failed DT alone. The combination reduced ovarian cancer burden 85% over 5 months measured by blood CA-125, demonstrating clinical efficacy. These data suggest a novel immunotherapy strategy with rapid clinical translation potential.
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Serotonin (5-hydroxytryptamine; 5-HT) has an important role in mood regulation, and its dysfunction within the brain is characteristically associated with major depressive disorder. Depression is a complex psychiatric disease with multiple etiologies, and reports of mood and immune disorder co-morbidities suggest immunological interactions with the serotonin system may mediate this clinical condition. Chemokines, immune proteins that induce chemotaxis and cellular adhesion in the periphery, and their G-protein coupled receptors distribute throughout the central nervous system, regulate neuronal patterning, and mediate neuropathology. The purpose of this study is to investigate the neuroanatomical relationship between and functional impact of the chemokine fractalkine/CX3CL1 and its receptor CX3CR1 on 5-HT neurons in the rat midbrain dorsal and median raphe nuclei (DRN, MRN). Immunohistochemical analysis reveals that greater than 70% of 5-HT neurons co-localize with fractalkine and CX3CR1 in the DRN and MRN. Fractalkine localizes as discrete puncta throughout the cytoplasm and processes of 5-HT neurons, whereas CX3CR1 concentrates to the perinuclear region of these neurons. Fractalkine and CX3CR1 also co-localize to individual cells in the raphe nuclei. Whole-cell patch-clamp recordings in brain slices were used to determine the functional impact of fractalkine on GABA synaptic activity in 5-HT DRN neurons. Fractalkine increases the amplitude of spontaneous inhibitory postsynaptic currents selectively in 5-HT neurons. Fractalkine also dose-dependently enhances evoked IPSC (eIPSC) amplitude without affecting eIPSC paired-pulse ratio selectively in 5-HT neurons. These data show that fractalkine enhances postsynaptic GABA receptor number or sensitivity on 5-HT neurons under conditions of both spontaneous and synaptically evoked GABA release. Fractalkine’s eIPSC amplitude effect is specific since no amplitude change was detected following pretreatment with an anti-fractalkine neutralizing antibody. Our electrophysiology data suggest a mechanism in which fractalkine may indirectly inhibit 5-HT neurotransmission by increasing the sensitivity of 5-HT DRN neurons to GABAergic inputs. Future therapies targeting fractalkine, as well as other immune proteins, may be developed to treat serotonin related mood disorders, including depression experienced by immune-compromised individuals.
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Seventy percent of patients with advanced breast cancer develop bone metastases, which cause severe pain, hypercalcemia, pathologic fracture, nerve compression syndromes, and paralysis. The bone microenvironment is hypoxic and rich in growth factors, such as transforming growth factor (TGF)-β, which promote a vicious cycle between tumor and bone. Many factors that drive skeletal metastases are regulated by hypoxia and TGFβ. We asked whether these two pathways promote bone metastases independently or synergistically. First we analyzed MDA-MB-231 breast cancer cells treated with TGFβ and hypoxia for changes in gene expression. Of 16 prometastastic candidate genes, only VEGF and CXCR4 mRNA expression were additively increased by TGF-β and 1%O2, which also increased activity of their promoters by luciferase assay. To assess the global interactions of HIF1α and TGFβ pathways in tumor cells, we used HIF1α knockdown (shRNA) and TGFβ blockade (dominant negative type II receptor). Genetic inhibition of either pathway in tumor cells decreased osteolytic lesion area and improved survival in an animal model of bone metastases, with no additional effect from inhibiting both pathways. Combined inhibition of these pathways in both tumor and host cells using small molecule inhibitors (2-methoxyestradiol to inhibit HIF and SD-208 to inhibit TGF), reduced tumor burden more than either alone. The results suggest that hypoxia and TGFβ independently drive tumor responses in the vicious cycle. Combined targeting of HIF1α and TGFβ in tumor cells and bone using small molecular inhibitors may provide additive benefit in the treatment of bone metastases and improve patient survival.
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RNA viruses belonging to several families are potential hazards for both human and animal populations in Central Asia. In the summer of 2007 we undertook a field trip to the Kyrgyz Republic where we harvested animals and ticks, to initiate establishment of a baseline for viral epizootiology and epidemiology studies. We collected tissues from 185 specimens of rodents and shrews from 4 collecting localities. Prior to this collecting effort, only 8 specimens of mammals from the Kyrgyz Republic were listed in the MaNIS database as archived in accredited museums in the United States. We have generated phylogenetic and phylogeographic results from the rodent genera Alticola, Apodemus, Dryomys, Microtus, Myodes, and Rattus as well as the soricid genus Crocidura. Results indicate that the mammalian fauna of the Kyrgyz Republic has complex biogeographic connections with East Asia, South Asia, and East Europe. Our data provide phylogeographic evidence of recent (< 20,000 ybp) colonization events by at least two genera (Apodemus and Crocidura) into the Kyrgyz Republic. We hypothesize that zoonotic viruses were introduced with colonization and have similarities to pathogens at the geographic origin of the colonizing mammals. In this study we examined the occurrence of viral RNA from hantaviruses, Crimean-Congo hemorrhagic fever virus and tick-borne encephalitis viruses (TBEV) in animals and ticks. Our data suggest that hantaviruses are associated with Microtus, Apodemus, Rattus and Crocidura species. Wealso detected a Siberian subtype TBEV in Apodemus pallipes that is most closely related to the Kokkola strain already described from Western Finland. This is, to our knowledge the southernmost description of Siberian subtype TBEV. We are currently isolating viral genomes for sequencing. We will correlate viral genomic information with serology and with the phylogeny of rodent and insectivore hosts.
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Background: Obesity is a well-established risk factor knee osteoarthritis (OA). The mechanism for this relationship has not been established, but relative quadriceps weakness has been proposed. Obese individuals have increased intra-muscular (fat within muscle cells) and inter-muscular fat (fat between muscle cells), and this may affect muscle function. Attenuation is due to increase fat in muscle and may correlate with weakness not explained by the bulk of the muscle. Therefore, assessing the relationship between muscle strength and cross-sectional area (CSA) would enable identification of relative quadriceps weakness if present.
Objective: To assess whether obese (BMI 30-35 kg/m²) or moderately-severely obese adults (BMI<30 kg/m²) age 50-59 years with and without knee osteoarthritis (OA).

Design: Cross-sectional observational study. Statistical analysis include descriptive statistics and comparison using mixed models for clustered data (two lower limbs per subject).

Setting: Community-dwelling population.

Main Outcome Measures: relationship between isokinetic (IK) quadriceps strength and muscle cross-sectional area (CSA) by single-sliced CT.

Results: From 164 subjects (77 men, 87 women), 303 lower limbs were studied-210 limbs with knee OA and 93 without knee OA. In the BMI strata <30 kg/m², 30-35 kg/m², and ≥35 kg/m² groups, the study included 61 (48.7% female), 52 (38.6% female) and 48 (73.0% female) subjects respectively. Knee OA was present in 10.6%, 28.7%, and 58.4% of the limbs in each of these respective groups.

Quadriceps cross sectional area (CSA) significantly differed between men and women (66.3±11.2 mc² vs. 45.2±6.7 cm²; p<.0001), but not between BMI groups in either sex or between subjects with knee OA (66.3±11.6 cm² for men, 45.1±7.4 cm² for women) and without knee OA (66.3±11.1 cm² for men, 45.3±6.4 cm² for women).
Peak quadriceps strength significantly differed between men and women (151.5±36.1 vs.88.2±25.0 N●m; p<.0001), but not by BMI group (p=.5997), or by the presence of knee OA (p=.2272). Multivariable analyses also demonstrate that peak quadriceps strength did not differ by BMI group, even after adjusting for a) sex, b) OA status, c) intramuscular fat or d) quadriceps attenuation. Even after scaling to adjust strength for body size, peak IK quadriceps strength did not significantly differ between BMI groups (non-obese 110.4±8.2 N●m, and obese 117.5±3.7 N●m). The relationship between muscle strength and bulk were evaluated using linear models scaled peak IK quadriceps strength as the response and quadriceps CSA as the independent variable. The slopes for the relationships between quadriceps strength and CSA did not differ by OA status or the interaction between OA status and BMI group. In addition, the slopes for the relationships between peak quadriceps strength and CSA did not differ by BMI group (p=.2477) or by sex (p=.7064).
Conclusions: Results suggest that obese individuals do not have altered muscle bulk or strength compared with non-obese adulys aged 50-59 years. Furthermore, the lack of a difference in the relationship between peak quadriceps strength and CSA provided further evidence that there is not a qualitative impairment in quadriceps function. This suggests that factors other than strength might be more important in mediating the association between obesity and knee OA.

Quadriceps Strength and Bulk by BMI Group

	
	Sex
	Non-Obese
	Obese
	Mod-Severe Obese
	P

	Quadriceps CSA (cm²)
	M
	65.8±10.7
	67.0±12.2
	66.0±9.6
	.85

	
	F
	45.0±5.7
	44.7±7.1
	45.8±7.3
	.68

	Peak Isokinetic Quadriceps Strength N●m
	M
	148.8±30.9
	151.3±38.3
	159.0±42.8
	.52

	
	F
	85.4±24.0
	95.6±20.9
	86.2±27.5
	.10
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Background: Current clinical methods for predicting recovery of graft function after kidney transplantation are not reliable.

Methods: A prospective, multi-center observational cohort study of deceased-donor kidney transplant patients to evaluate urinary neutrophil gelatinase-associated lipocalin (NGAL), interleukin-18 (IL-18), and kidney injury molecule-1 (KIM-1) as early biomarkers for predicting graft recovery and the need for dialysis within the first week of transplant. Serial urine and blood samples were collected for three days following transplant and analyzed blindly for biomarker levels. Patients were classified by rate of recovery of kidney function into three categories: delayed graft function (DGF), slow graft function (SGF), and immediate graft function (IGF).

Findings: Of 91 transplant patients from four centers, the mean age was 52 years with 63% male and 54% African American. A total of 34 (37%) had DGF, 33 (36%) had SGF, and 24 (26%) had IGF. Among these three groups, median urinary NGAL and IL-18 levels were statistically different at all time points post transplant. Urinary KIM-1 levels were not different between groups. The area under the receiver-operating curve for either NGAL or IL-18 on the first post-operative day for predicting dialysis within one week was 0.82, compared with 0.52 for either absolute or relative fall in serum creatinine (Scr). In multivariate analysis, the odds ratios for requirement of dialysis with elevated urinary NGAL or IL-18 levels were 5.1 (95 % CI 1.2-22) and 6.8 (95% CI 1.5-32) respectively after adjusting for recipient age, cold ischemia time, urine output and Scr.
Interpretation:  Urinary NGAL and IL-18 are early, non-invasive, and accurate predictors of the need for dialysis and recovery of graft function within the first week of kidney transplantation.
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Purpose of Study: Glucocorticoids (GC) are a mainstay of asthma therapy. The current paradigm is that they are anti-inflammatory; however an emerging concept is that GC resynchronize out-of-phase repair processes in damaged respiratory epithelium. Our hypothesis is that injured asthmatic respiratory epithelium is characterized by asynchronous regeneration unresponsive to in vitro conditions that mimic the diurnal levels of endogenous GC, whereas injured normal respiratory epithelium regeneration is characterized by rapid healing induced by GC-induced cell cycle pauses.

Methods Used: Primary differentiated human airway bronchial epithelial cells (Mattek, Ashland, MA) from normal and asthmatic donors were grown at an air-liquid interface on collagen-coated Transwell membranes. After a 24 hr incubation in steroid-free medium, confluent cultures were exposed to 20nM dexamethasone (DEX) and were mechanically wounded. Half of the cultures were pulsed for 2 hours daily with 20nM DEX. Cells were harvested 48h after wounding. Cell cycle synchrony was evaluated by flow cytometry for DNA content (7-AAD) in proliferating (BrdU+) cells.

Summary of Results: Bright-field microscopy (16x) of DEX+ and DEX- normal culture wounds showed complete healing by 24 and 48h, respectively. DEX treatment did not visibly alter similarly cultured asthmatic cells, which were still unhealed at 48h. Normal DEX+ cultures showed significantly more BrdU+ cells in G2 (72 9 vs. 29 5%; p=0.05) and less in G1 (17 6 vs. 63 4%; p=0.02) than asthmatic cells.


Conclusions: Proliferating asthmatic cells were more evenly distributed among G1 and G2 than normal cells, consistent with asynchronous cell cycling. Although effective in synchronizing normal epithelium repair, DEX mimicking endogenous levels did not correct asthmatic epithelium asynchrony. Future directions will include increasing DEX dosing to determine if pharmaceutical level dosing can repair asthmatic epithelium asynchrony
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BACKGROUND: Previously we found that inhibiting activator protein-1 with a dominant negative form (AdAFos) inhibited the expression of the pathologic gene while preserving growth in neonatal rat ventricular myocytes subjected to phenylephrine (PE) treatment. We now extend these findings to the adult rat ventricular myocyte (ARVM) with the hypothesis that inhibiting PE mediated expression of the pathologic gene while preserving hypertrophy will lead to improvement in myocyte function.

METHODS AND RESULTS: PE treatment resulted in increase in newly synthesized protein in βGal and AFos groups (p<0.05 v βGal or AFos).  We observed induction of the pathologic gene profile in response to PE treatment in the βGal group, ie, expression of beta-myosin heavy chain, brain natriuretic peptides, and skeletal actin was increased, whereas expression of alpha-myosin heavy chain was repressed (p<0.05 v βGal).  In AFos expressing ARVMs, the pathologic gene expression was inhibited as shown by repression of BNP, βMHC, and sACT and increased expression of αMHC (p<0.05 v βGal+PE).  PE treated βGal group showed depressed myocyte shortening, contraction and relaxation velocities, systolic and diastolic calcium levels, and exponential time decay (p<0.05 v βGal), and these functional abnormalities seen in PE treated βGal myocytes were improved in myocytes expressing AFos (p<0.05 v βGal+PE).  To determine the mechanism of improved contractility, we examined the expression of phospholamban and SERCA proteins.  Although there was no change in total phospholamban and SERCA expression in response to PE treatment in βGal or AFos groups, PE treatment lead to a decrease in phosphorylation of phospholamban at serine 16 (ser16 PLB) in the βGal group (p<0.05 v βGal) whereas phosphorylation was maintained in AFos expressing ARVMs (p<0.05 v βGal+PE).  PE treatment lead to increased phosphorylation of troponin T (TnT), and AFos expression inhibited this phosphorylation event.

CONCLUSION: Phenylephrine treatment lead to contractile and calcium handling abnormalities in association with changes in phosphorylation state of ser16 PLB and TnT.  AFos expression inhibited PE mediated PLB and TnT phosphorylation changes with associated improvement in contractility and calcium handling.
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Purpose of Study: To evaluate the ocular and audiologic features in patients with cardio-facio-cutaneous (CFC) syndrome as reported in a parental survey and to determine whether a genotype/phenotype correlation exists. CFC is a congenital disorder caused by mutations in genes of the Ras/MAPK pathway —BRAF, MEK1, and MEK2. CFC is characterized by cardiac defects, distinctive craniofacial appearance, cutaneous abnormalities and developmental delays.

Methods Used: A detailed questionnaire regarding ocular and audiologic clinical features was sent to a cohort of over 50 CFC patients with known molecular diagnosis. 

Summary of Results: We received information from 27 CFC patients with confirmed molecular diagnosis. Parents reported visual and auditory problems in 26/27 patients. All patients had cognitive delay. The most common ocular features that parents noted were problems with depth perception 16/27 and abnormal head posture 14/27. Other commonly reported manifestations were refractive errors 17/27, strabismus 15/27, amblyopia 15/27, nystagmus 10/27, droopy eye lids 10/27 and optic nerve hypoplasia 2/27. Only one patient had cataracts. Hearing abnormalities included hearing impairment 7/27, sensitivity to loud noises 20/27, small ear canals 19/27, excess ear wax 21/27 and ear tube placement 15/27 patients. Majority of patients reported BRAF mutations and no gene/mutation specific phenotypic correlations were found. 

Conclusions: The high occurrence of cognitive delay and visual features such as strabismus, amblyopia and nystagmus suggest that Ras/MAPK pathway plays an important role in CNS development including human visual pathway and ocular alignment control. Majority of children exhibited sensitivity to loud noises and had features such as small ear canal and excess wax suggesting the important role of Ras/MAPK pathway in development of auditory system. Our results demonstrate that these patients require routine ophthalmologic and ENT evaluation and are likely to benefit from interventions in the management of the visual and auditory symptoms. Further characterization of the ocular and auditory manifestations in a larger number of mutation positive CFC patients will contribute towards the understanding of the pathogenesis of this syndrome.
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Background

Apoptosis and inflammation are two key pathological features of post-infarction remodeling. Interleukin-1 (IL-1) signaling is involved in both apoptosis and inflammation in response to ischemia. We hypothesized that during ischemia, the IL-1 receptor antagonist (IL-1Ra), an endogenous IL-1 inhibitor, plays a protective role and therefore mice lacking the IL-1Ra gene (knock out - KO) would be more susceptible to apoptosis and adverse cardiac remodeling after acute myocardial infarction (AMI). 

Methods
Seven KO mice and 8 age-matched wild-type (WT) mice with the same genetic background underwent permanent surgical ligation of the left coronary artery. All animals underwent trans-thoracic echocardiography before surgery and at day 7. Infarct size and cardiomyocyte apoptosis were measured using collagen staining and in situ detection of DNA fragmentation, respectively. 
Results

Seven days after AMI, KO mice showed increased left ventricular (LV) end-diastolic diameter and LV end-systolic diameter with reduced fractional shortening vs. WT mice [Figure]. An average of 5 aneurysmatic segments were seen in the KO mice vs. 1 segment in the WT mouse (p=0.010). KO mice also had a significantly larger area of scar (35±2% vs. 23±2%, p=0.009) and significantly greater cardiomyocyte apoptosis both in the peri-infarct myocardium (9.5±2.2% vs. 1.9±0.1%, p=0.022) and remote myocardium (0.3±0.2% vs. 0%, p=0.014) compared to WT mice.

Discussion

Endogenous IL-1Ra protects cardiomyocytes from apoptosis, prevents adverse cardiac remodeling and aneurysm formation after AMI. The cardioprotective effect of endogenous IL-1Ra in apoptosis confirms a determinant role for IL-1 signaling and the potential for IL-1 based treatment strategies to prevent heart failure after AMI. 
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