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1.  MYELOPEROXIDASE LEVELS ARE INCREASED IN PLACENTA AND CIRCULATION OF WOMEN WITH PREECLAMPSIA

Robin E. Gandley, Ph.D1,2, Jennifer DiCianno, B.S.1*, Eiji Shibata, M.D.1*, Augustine Rajakumar, Ph.D.1,3, Valerian E. Kagan, Ph.D.1,2* and Carl A. Hubel, Ph.D.1,3. 1Magee Womens Research Institute, Pittsburgh, PA, United States, 15213; 2Environmental and Occupational Health, University of Pittsburgh, Pittsburgh, PA, United States and 3Obstetrics, Gynecology and Reproductive Sciences, University of Pittsburgh, Pittsburgh, PA, United States, 15213.
 
Myeloperoxidase is a hemoprotein normally released from activated monocytes and neutrophils. Traditionally viewed as a microbicidal enzyme, MPO also induces LDL oxidation, activates metalloproteinases and oxidatively consumes endothelium-derived nitric oxide. Elevated plasma MPO level is a risk factor for myocardial events in patients with coronary artery disease. Patients with preeclampsia display evidence of the inflammation and endothelial dysfunction associated with oxidative stress in the circulation, vasculature and placenta.
 
Hypothesis: MPO levels in the circulation and placental extracts from women with preeclampsia will be greater than levels in women with normal pregnancies.
 
Methods: Placental villous biopsies were obtained immediately after cesarean delivery, from a site between the placental rim and cord insertion. The tissue was quickly washed three times in saline, frozen in liquid nitrogen, and stored at -70 C until use. Placental extracts were prepared from preeclamptic (n=10, 36.4 weeks gestation) and control (n=18, 38.6 weeks gestation) placentas. EDTA- plasma samples from gestationally age matched preeclamptic (n=11, 35.5 weeks gestation) and control normal pregnancies (n=14, 36.1 weeks gestation) were obtained for determination of plasma MPO. MPO concentrations were measured by ELISA. Statistical comparisons were by Student
 
Results: MPO levels in placental extracts from women with preeclampsia were double the levels in normal controls (568+115.5 ng/mL vs 272.3+49.9 p=0.011). Controlling for gestational age or protein levels did not influence this result. Plasma MPO levels were 3-fold higher in patients with preeclampsia compared to normal controls (36.6+ 7.6 ng/mL vs 11.0+ 3.1 ng/mL p=0.003).

Conclusions: MPO levels are significantly increased in the circulation and placenta of women with preeclampsia. We speculate that MPO may contribute to the oxidative damage reported in the endothelium and placenta of women with preeclampsia.

Supported by NIH grant HD30367.

2.  Chronic Arsenic Exposure Induces Angiogenic Gene Expression and Changes Vascular Architecture in Mouse Liver

Adam C. Straub, Donna Beer Stolz, Linda R. Klei, Nicole V. Soucy, and Aaron Barchowsky

Abstract: 

Arsenic is a well-known environmental toxicant that causes a wide range of organ specific diseases and cancers.  Epidemiological evidence shows that drinking arsenic contaminated water enhances vascular remodeling in humans and contributes to the pathogenesis of liver diseases through poorly defined mechanisms.  Since a significant amount of liver disease results from vascular changes and chronic environmental exposures to arsenic enhance angiogenesis and vascular remodeling, we examined the hypothesis that arsenic induces a program of angiogenic protein expression that changes blood vessel density and architecture in the liver.  Mice were exposed to 0, 50 ppb, or 250 ppb of sodium arsenite (AsIII) in their drinking water for five weeks.  These exposures did not affect the overall health of the animals, the general structure of the liver, or hepatocytes morphology.  However, there were increases in CD45 and CD68 positive inflammatory cells, vascularization of the peribiliary vascular plexus (PBVP), and constriction of hepatic arterioles.  Immunohistochemical analysis of 10-micron sections from excised livers demonstrated increased staining for PECAM/CD31, vascular endothelial growth factor (VEGF) receptors, and angiopoietin-1 protein in sinusoidal vessels suggesting functional pathologic vascular remodeling.  Quantitative real time-PCR of total liver RNA demonstrated that As(III) increased mRNA levels of pro-angiogenic and vessel remodeling genes relative to changes in the housekeeping gene HPRT.  In conclusion, As(III) exposure induced a program of inflammatory angiogenesis and vessel remodeling that may explain As(III)-stimulated pathogenesis in liver diseases, such as portal fibrosis, portal hypertension, and possibly tumor progression.  

3.  A study of in vitro dispersion and potential micronucleus induction by single-wall carbon nanotubes in V 79 cells

MJ Keane, JC Harrison, E Kisin, WE Wallace, HELD, NIOSH, Morgantown WV

Single-wall carbon nanotubes (CNTs) manufactured using a high-pressure carbon monoxide process were used to challenge Chinese hamster lung fibroblast V 79 cells in vitro.  The sample carbon nanotubes had been purified after manufacture to remove soluble metals, and were suspended in either culture medium (Dulbecco’s minimal essential medium, DMEM), or a simulated pulmonary surfactant (SPS) of 1 mM dioleylphosphatidyl choline in DMEM.  Results indicate there was no significant dose-response relationship of micronucleus induction in V 79 cells from carbon nanotubes suspended either in DMEM or simulated pulmonary surfactant at concentrations ranging up to 480 ug/ml.  Microscopic examination of carbon nanotubes in liquid suspension indicated much better dispersion in simulated pulmonary surfactant than in MEM, with aggregates of the SPS-suspended CNT generally less than cellular size, while MEM-suspended CNT aggregates were often larger than cells.  It was found in initial studies of SPS suspension of CNTs that sonication of phospholipids in air could cause a positive micronucleus response from the SPS itself; subsequent experiments used a N2 purge and brief sonication under N2 , which eliminated the micronucleus induction by altered SPS components. 

4.  Studies of Potential Chemical Mechanisms of Haptenization by the Contact Allergen 2-Mercaptobenzothiazole.  I Chipinda1, 2, JM Hettick1 and PD Siegel1.  1Health Effects Laboratory Division, National Institute for Occupational Safety and Health, Morgantown WV. 2Department of Chemistry, Portland State University, Portland OR.

The rubber accelerator, 2-mercaptobenzothiazole (MBT), has been reported to cause allergic contact dermatitis (ACD) from gloves and other rubber products, but the mechanism of the pathogenesis is unknown. It was hypothesized that the thiol group is critical to MBT’s (its oxidation products or metabolites) covalent binding/haptenization to nucleophilic protein residues. MBT reacted with hypochlorous acid (HOCl), iodine and hydrogen peroxide to give the disulfide, 2, 2’-dithiobis(benzothiazole) (MBTS) with a stoichiometry of 2:1 MBT:HOCl. Oxidative transformation of MBT to MBTS was also observed within the glove matrix. Cysteine, glutathione and cyteamine were able to reduce MBTS to MBT with subsequent mixed disulfide formation suggesting a potential route of protein haptenization through covalent bonding between cysteinyl residues on proteins and the thiol moiety on MBT. Enzymatic reduction of MBTS using glutathione reductase was not observed; however, MBT competitively inhibited glutathione reductases from both yeast and human blood platelets (Ki, = 1.39 x 10-6 M).  Metabolism of MBT using isolated liver microsomes was not observed. The data suggest that the critical functional group on MBT is the thiol, and haptenization is via the formation of mixed disulfides between the thiol group on MBT and sulfhydryl groups on proteins. 
The findings in this report are those of the authors and do not necessarily represent the views of the National Institute for Occupational Safety and Health.

5.  Chromium(VI) requires histone deacetylase to induce interferon-stimulated

Genes

Antonia A. Nemec, Kimberley A. O’Hara, Linda R. Klei, Rasilaben J. Vaghjiani, and

Aaron Barchowsky.

University of Pittsburgh, Graduate School of Public Health, Department of

Environmental and Occupational Health

Chromium(VI) requires histone deacetylase to induce interferon (IFN)-stimulated genes.  Cr(VI) promotes lung injury and is known to inhibit the inducibility of protective genes.

A recent report indicated that this inhibition involves retention of histone deacetylase-1

(HDAC) activity and chromatin compaction in the proximal promoters of these genes

(Wei et al. J. Biol Chem 279: 4110-4119, 2004). However, this mechanism would oppose any means for Cr(VI) to induce genes. To test the hypothesis that Cr(VI) can stimulate functional transcriptional complexes to induce genes, we screened for the binding of proteins to 156 different transcriptional DNA cis-elements in control and Cr(VI) exposed BEAS-2B cells. Cr(VI) significantly increased the DNA binding of homodimers and heterodimers of multiple members of the signal transducer activator of transcription (STAT) protein family. Western analysis demonstrated that STAT1 was tyrosine phosphorylated and translocated to the nucleus within one hour of exposing the cells to 5 μM Cr(VI). Transient transfection with luciferase reporter constructs driven by STAT1 responsive IFN-stimulated response elements (ISRE) or gamma interferon activated sites (GAS) demonstrated that Cr(VI) stimulated functional STAT1 transactivation only at ISRE sites, suggesting that Cr(VI) stimulated a partial IFN α/β-like response. In contrast to most genes, IFN-stimulated genes are induced by HDAC recruiting RNA polymerase II to functional transcription complexes containing ISRE elements. Rapid induction of the IFN-α stimulated gene IRF-7 by Cr(VI) was inhibited in cells previously incubated with the HDAC inhibitor sodium butyrate. These data present a novel mechanism for Cr(VI) to act through HDAC to induce genes, such as those stimulated by IFN, involved in innate immune responses that are potentially cytostatic or cytotoxic. Supported by NIEHS grant ES10638.
6.  Lung defense responses after bacterial infection in mice pretreated with single wall carbon nanotubes

E. Kisin, A. Murray, J. Roberts, J. Antonini, V. Kagan, A.A. Shvedova

Exposure to different workplace particulates may predispose some workers to an increased prevalence of respiratory infections. While commercial interest in the single wall carbon nanotubes (SWCNT) is leading to the development of mass-production and handling facilities, their effects on human health and the environment should be studied. In our previous publication we demonstrated that pharyngeal aspiration of SWCNT induces a robust acute inflammatory reaction with the very early onset of a fibrogenic response and the formation of granulomas in C57BL/6 mice. The goal of this study was to evaluate whether pharyngeal exposure to SWCNT affected bacterial pulmonary clearance in mice infected with Listeria monocytogenes (LM). To do this mice were first given SWCNT (40 g/mouse) and 3 days later exposed to LM (103 CFU/mo) by pharyngeal aspiration. Exposure to SWCNT significantly decreased the pulmonary clearance of LM found 10 days after the aspiration as compared to saline/LM treated mice. In SWCNT/LM infected mice we found significant increases in BAL neutrophils, LDH and albumin level as compared to those in SWCNT exposed mice. In addition, pulmonary exposure to SWCNT caused persistent changes in breathing rate patterns higher in animals infected with LM. In conclusion, enhanced acute inflammation and pulmonary injury with delayed the pulmonary bacterial clearance after SWCNT exposure may lead to increased susceptibility to lung infection in exposed populations.

7.  Oxidative Stress and Inflammatory Response in Dermal Toxicity of Single Walled Carbon Nanotubes.

A. R. Murray1, E. Kisin2, C. Kommineni2, V. E. Kagan3, V. Castranova1,2, A.A. Shvedova1,2
1Department of Physiology and Pharmacology, WVU & 2PPRB/NIOSH, Morgantown, WV, 3Center for Free Radical and Antioxidant Health, Departments of Environmental and Occupational Health, University of Pittsburgh, Pittsburgh, PA
Single-Wall Carbon Nanotubes (SWCNT) are a novel material with unique electronic and mechanical properties.  The extremely small size (~1nm diameter) renders their chemical and physical properties unique.  A variety of different techniques are available for the production of SWCNT; however, the most common is via the disproportionation of gaseous carbon molecules supported on catalytic iron particles (high-pressure CO conversion, HiPCO).  The skin is a prime target for SWCNT toxicity due to topical exposure occurring during technical processing and use; the toxic dermal effects of SWCNTS are largely unknown.  We hypothesized that SWCNT are toxic to the skin and this toxicity is dependent upon the metal (particularly iron) content of SWCNT as well as its ability to penetrate the skin and induce oxidative stress/inflammation.  To test this hypothesis, the effects of SWCNT were assessed in vitro and in vivo.  Exposure of human keratinocytes (HaCaT) cells revealed cytotoxicity in cells exposed to SWCNT; partially-purified SWCNT (0.23 % iron by weight) exerted lower toxicity than unpurified SWCNT (23 % iron by weight).  Murine epidermal cells (JB6 P+) revealed a significant dose-dependent activation of AP-1 following exposure to unpurified SWCNT while partially-purified SWCNT did not activate AP-1.  NFB was dose-dependently activated by both unpurified and partially-purified SWCNT.  In vivo experiments evaluated the skin of SKH-1 mice following 5 days of SWCNT exposure (2 mg/kg, 4 mg/kg, or 8 mg/kg).  A depletion of glutathione, increased myeloperoxidase activity, accumulation of PMNs as well as an increase in skin thickness were observed following exposure to unpurified SWCNT.  These data indicate that dermal exposure to SWCNT, particularly unpurified SWCNT, can result in inflammation, oxidative stress and dermal toxicity during occupational exposures.
Acknowledgements:  supported by NIOSH OH008282, NORA 6927007Y, NORA 6927Z1LU.

Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent the views of the National Institute for Occupational Safety and Health.
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